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the patho-physiology of athetosis is essentially in agreement with that 


are at variance w 


Foerster. 
ith the hypothesis of the striatal 
Athetosis is associated with evidence of 


Several facts 
rigin of athetoid movements. 
lamage of the pyramidal system, but it has long been known that so 
as the hemiplegia or quadriplegia remains complete athetosis does 
until a certain amount of voluntary movement 
Thus it would seem iz 


long 


not develop. Not 


ippears in the extremity does athetosis appear. 


that the cortico-spinal pathway is essential in the production of the 


“Su 


gery of the University of Chicago. 
31 


of Neurology and Neur 


BY |] L ¢ BUCY AND DOUGLAS N. BUCHANAN 
ATHETOSIS has been an 
controversy. It has been 
issociated pathology Qn tl 
} 
munication has little bearin 
reconsider at any length t 
14) who believe that athet 
th 
I 
BRAIN—VOL. LV 


480) ORIGINAL ARTICLES AND CLINICAL CASES 


athetosis. Further clinical evidence in support of this are the observa 
tions of Horsley |4 and 5], Anschiitz [1 and Payr [9 |, who have extirpate 
the portion of the pre-Rolandic gyrus related to the involved extremit 
and observed an immediate and permanent abolition of all athetosis, and 
the recently reported observation of Nasaroff [8], who injected alcoh 
into the motor cortex of two cases and obtained a similar abolition « 
these movements. The case of Spiller and Frazier [12], in whic! 
Frazier extirpated the motor cortex and obtained only a very temporai 
result, is so briefly reported as to be of little value in comparison wit! 
the above positive results.’ 

In further support of these observations Wilson refers to Jakob’ 
Case 18 (6). It will be recalled that this patient with a luetic infectior 
had a severe athetosis and subsequently developed a hemiplegia which 
lasted but a very few days and then almost completely disappeared 
Nevertheless the athetosis vanished with the onset of the hemiplegia 
and never recurred during the patient’s remaining life of eighteer 
months. In view of the fact that the hemiplegia was very transitor 
this case hardly justifies Wilson’s conclusion that the athetosis dis 
appeared because of destruction of the cortico-spinal pathway. Although 
the other evidence seems to support his thesis, on closer examination 


becomes apparent that such may not necessarily be the case. Th« 


pyramidal (cortico-spinal) pathway which takes its origin from th: 
giant Betz cells of the motor cortex arises from a very small part of the 


pre-Rolandie gyrus (Brodmann’s area 4) which lies for the most part on 
the posterior margin of this gyrus. Thus the extirpations of Horsley, 
Payr and Anschiitz, and the injections of alcohol by Nasaroff, must als 
have destroyed parts of Brodmann’s area 6, or that area referred 
to by Foerster [3] as baa (fig. 1). By very careful and frequently 
repeated stimulations of the human cerebral cortex Foerster has 
demonstrated that area baa gives rise to two distinctly different types 
of motor responses. With area 4 intact, weak galvanic stimuli (stronget 
than those required to excite area 4) applied to area baa produce 
isolated movements of the fingers, the wrist, &c., similar to those 
obtained from area 4 itself. If on the other hand an incision of the 
cortex is made separating areas 4 and 6aa, or if the pyramidal tract has 
been previously destroyed, these isolated effects no longer occur. If 


Dr. Frazier, in a personal communication, states: ‘‘ I have to-day looked up the histor 
of the case reported and find that the craniotomy to which we referred was not performed b 
me, but by Dr. Edward Martin, at the Philadelphia General Hospital, some two years before 


I saw the patient.” 
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under these circumstances area baa is stimulated with a stronger 
faradic current complex contralateral movements develop, such as 
rotation of the head and eyes, complex synergic movements of the 
extremities, flexion, extension, Kc. As a result Foerster believes that 
these last mentioned motor effects are produced over an extrapyramidal 
system, the impulses passing from area 6aa@ to subcortical centres and 
then tothe final common pathway. Anatomically there are numerous 
fibres from the frontal cortex, apart from area 4, to the subcortical 


centres As Poliak states, ‘“‘Numerous corticofugal fibres 


Fic. 1 Result f stimulating the cerebral cortex according to Foerster. 
(Brodmann’s areas 4, Gaa and 6a 8 have been outlined for comparison witb fig. 3.) 
descending from the precentral and frontal cortical regions are: (1) 


very numerous fibres to the caudate nucleus; (2) also numerous fibres 
to the globus pallidus; (5%) fibres to the red nucleus; and (4) also fibres 
in considerable numbers to the stratum intermedium of the peduncle and 
to the substantia nigra; (5) besides the well known cortico-spinal, 
cortico-bulbar and numerous associational and callosal fibres."” Thus we 
see that an adequate mechanism for such an extrapyramidal motor 
pathway as Foerster postulates exists. 

Further substantiation of this thesis that athetoid movements are 
effected via an extrapyramidal, cortico-subcortico-spinal system, is found 
in the recent work of Putnam (11). In several patients suffering from 
typical athetosis and dystonia he has divided the anterior columns of 
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the spinal cord which are generally considered to contain the reticulo- 
spinal and vestibulo-spinal tracts. This completely abolished all 
involuntary movements below the point of section without interfering 
with voluntary (pyramidal) function. This would seem conclusiv 
evidence that some extrapyramidal pathway and not the pyramidal! 
system is the effector mechanism of athetosis. 

To recapitulate, there is much evidence to show that athetosis 
etfected by impulses from the cortex cerebri via an extrapyramida 
motor system, and that removal of the cortex (area baa) or section 
these extrapyramidal pathways will abolish such movements. 

The following case adds further evidence in support of this conce} 
tion. This young girl suffered from cerebral damage (subsequent t 
tonsillectomy) of undetermined nature, which resulted in a left hemi 
paresis, athetosis of the left arm and convulsive epileptiform attack 
limited largely to the left side. The cerebral cortex was exposed and 
stimulated and from a definite area typical athetoid movements we 
produced. This area was then excised and the athetosis was neve 
subsequently observed. 

Case history.—L. N., aged 7, was admitted to the Department 
Pediatrics of the University of Chicago Clinics on November 3, 19 


complaining of difficulty in using the left arm. 


‘he child was born at full term, with a normal delivery, 


, and started to become a mouth breather. Because of 5 
tonsils and adenoids were removed in January, 1930. 
Pre il CSS. Tw ) weeks .lter the Ope ition sne was sent home! 


school because of movements of the left um and |e cg. which were involunta 
jerky, and practically continuous.’ She was kept in bed for two months, ar 
during this time the movements diminished but did not disappear. When s 
got out of bed after this time she limped on the left leg and held the left 
flexed at the elbow with the forearm behind her as she walked. At about thi 
same time the child changed in character. Whereas she had always been 
very good child she now began to have “ temper tantrums,” she became dis 
obedient and was no longer affectionate towards her mother. seginnil 
March, 1930, however, her behaviour improved and she recovered some 
use of her left arm, although the left leg if anything became more useless. 
Examination on admission (November 3, 1930) revealed a left hemiparesis, 
involving the lower face, the upper and lower extremities. There was a 
definite resistance to passive movement in both the left arm and leg; the deep 
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reflexes in these limbs were all increased; the plantar response was flexor 


li 
There were typical slow sinuous athetoid movements of the left upper extremity. 


and the left hand was held in the typical athetoid position with the fingers 
hyperextended. When walking the athetoid movements were particularly 
prominent. Th ft upper extremity was in almost constant involuntary 
activity. Most commonly it would gradually become internally rotated and 
pass behind the patient. In this position it would move and jerk about in 
a typical purposeless athetoid manner. As she walked there was an obviot 
valked on the outer margin and toes of the 


which included a blood-count, 
nd urinary analysis revealed 
gave negative results. 
she was seen frequently in 
The hemiparesis and 
1931, she had her fi 
and developed clonic movements ol 
The period of coma and convul 
diet, given bromid 
the institution or alterati 
associated period of ten to fourteen 
riod the attacks recurred as frequently 
attacl rer occurred of a duration at ¢ compa 
Ordinarily the attacks occurred tiree or four times a da 
she would have an attack every five to ten minutes wer: 
rast majority of the attacks were confined to 


involving the arm much more than the face or leg, and in then 
rarely unconscious ‘h she was unconscious the n 


‘eneralize 1 
May 14, 1931, an encaphalogram was made. One hundred 


cubie centimetres of spinal fluid were withdrawn and an equal amouw 


injected. ‘ams revealed the left lateral ventricle to be larg 


the right, otherwise there were no abnormalities demonstrated. 

In October, 1931, she was readmitted to the hospital because for so 
weeks previously she had been having many slight attacks each day : 
usually one severe major convulsion in the evening. She was again unruly, 
lisobedient and unaffectionate, and had frequent enuresis. 

a left hemiparesis with spasticity, increased deep retlexes, an extensor plantar 
response and wasting of the interossei muscles of the left hand. The attacks 
which were seen in the hospital occurred every five to ten minutes, and had a 
duration of from one to one and a half minutes. In them there was an initial 
period when she was unable to respond to questions. Then there was 
twitching of the orbicularis oris followed by a slow tonic contraction of the 
abductors of the left arm, the flexors of the forearm and the extensors of the 
fingers. Both legs were stitly extended, the left foot was inverted and the toes 
plantar flexed. The head and eyes were turned to the left. The child did not 
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lose consciousness as she was able to answer questions afterwards which were 
put to her during the attack. 

Throughout this period of observation the left arm and hand showed 
frequent athetoid movements in which the forearm slowly flexed; the wrist 


was pronated and the arm slightly abducted. Then with slow writhing move- 


ments the arm was raised and turned until the left hand was behind the head 
(fig. 1). Voluntary effort of the right hand or arm exaggerated all these move 


Fic. 2.—One of the types of involuntary athetoid movements which were constantly 


occurring in this patient. In this particular instance it has been augmented by voluntary 
activity of the right hand. 


ments. The involuntary jerkings which this child showed during her epileptic 
attacks were also slow and athetoid in form, although they were distinctly 
different from the constant athetosis. 

On October 13 a second encephalogram was made, but this revealed nothing 
that was not shown by the first. After it there was a period of fourteen days 
when the attacks were less frequent and less severe. 
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With the hope that we might be able to benefit the child by diminishing 


the frequency or severity of the convulsions she was operated upon November 5, 


1931. Under ether anwsthesia an osteoplastic flap over the right posterior 


the central sulcus in the 


frontal and ietal areas was reflected, exposing 
middle of the operative field (fig. 3). The entire exposed cerebral cortex was 
die current, using a small bi-polar electrode. The current 
a very weak contraction of the exposed 
the exposed field whi 
ly this corresponded to t 


itively weak sti 


he strength of the cur was increased complex movements of the left arm 
» involuntary athetoid movements previously 


appeared, identical with tl 


The wrist was pronated, the arm became exed at 


observed in the patie nt 
the elbow, abducted at the shoulder and the entire extremity elevated upward 


The movement was slow and sinuous, not at all similar to the 


ind backward. 
rapid convulsive movements so frequently initiated in epileptic patients by 


stimulation of the cortex. At no time were any movements seen in the left 


side of the face or in the left lower extremity. The excitable area as outlined 
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rist aud fingers and flexi f el vy; 6, extension of middle tinger; 7, ext of 
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in fig. 3 was then excised down into the lateral ventricle. This extirpation wa- 
largely from area 6a@, removing only a very small portion of the anterior mar 
of area 4. 

On the day following the operation she was unable to flex the left 
or move the left wrist or fingers: she could, however, extend the ell 
adduct the arm at the shoulder, but abduction at the shoulder was very we 
The left arm was quite flaccid. There was a slight left facial weakness, 
before the operation. The left leg was not altered in any way. The 
in the left ar vhich were weak immediately 
increased in strength. <A week 
returned and four days later 

She was discharged 
gm. O60 t.i.d.). She was 
had no convulsive seizures. 

the operation the pati again hada convulsive attack. 

he patient had aseries of about thirty successive attacks in w 
of the mouth twitched, the eyes turned momentarily to the left 


around to the mid-line position, and simultaneously extension « 


pronation of the left forearn ‘XiON he elbow a bdueti 


ecurred 1e ger he left hand did 
involved rin t i] if attacks the 


normally after attack and understood what 
ittack. 

On December 1, 1931, a third encephalogran 
from the previous ones and did not reveal the 
encephalogram she had only one very slight att 
no other during her stay in the hospital. 

1931, with luminal gm. 0°06 t.i.d. Sin en, except for one series 
in December with convulsive movements of the le ide every three to 
minutes, the number and severity of the attacks have progressively diminishe 
and she has had periods of over a month with no attacks at all. 

When last seen on June 1, 1932, she was still having attacks. These 

in cyclic periods. She will frequently go for from ten to fourteen days wi 
any. They then begin and increase in frequency until she has one every fey 
minutes. The attacks then cease suddenly and will not reeur for several days 
They are far less severe than formerly. At first the patient will become flush: 
and then the musculature of the left side of the face will contract. Frequently 
nothing else occurs and the patient is often not aware that anything has 
happened. These mild attacks are so transitory that they are only seen by) 
carefully observing the child. Inthe more severe attacks the movement of 
face is followed by extension and internal rotation of the arm and a few 
contractions in the leg. Clonic movements do not occur in the : 
patient no longer loses consciousness. With these attacks the patient is ofte: 
nauseated and may vomit. 
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Athetoid movements have never been observed since the operation 


tli 


occurs 


performing voluntary movements with the right hand no movement 
left arm, which is slightly stiff, is 


id moves very little. No athetoid involuntary m 
such as were pre hefore the operatic n have been observed since 
In spite of th ry definite improvement in the attacks an 
thetosis, the change in the child tharacter has, in 
us there is little apparent change 
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ription.—The extirpated piece of cerebrum (fig. 4) wa 


fixed in formalin and stained or impregnated by the following methods 


toxylin and eosin, cresyl violet, Perdrau's modification of Bielschowsky 


hema 
reduced silver impregni 
and microglia, and Globus s modifica 

Dr. Roy R. Grinker has very kindly furnished us with the following repo: 


ition, Penfield’s combined method for oligodendrogli 
tion of Cajal’s gold sublimate. 


of the findings 
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The leptomeninx is definitely thickened, especially the arachnoid. Ther 
is much more reticulin in this membrane and within the loose meshes is 
much fresh blood. Reticulin stains reveal also a definite thickening of the 
blood-vessels in the grey cortex and in the superticial white matter. Several 
medullary vessels show in addition a moderate proliferation of the endothelial 


lining. Small diape letic haemorrhages (operative) are present in ring formation 


tic » th 


Fic. 5.—Higher magnification of area indicated in fig. 4. 1e thickened 
are filled with blood due to the operation. In the upper cortical layers, parti 
numerous cells have disappeared, while many of those remaining are abnormal 
norma! moderate-sized pyramidal ceils are seen in layer 4 There are, h 
giganto-pyramidal Betz cells. The layers of the cortex are indicated } 
margin. Hematoxylin and eosin, x 38. 


about the small arterioles. There are no signs of inflammatory cells nor 
evidences of perivascular infiltrations. 
The architecture of the cortex is profoundly distorted by the fact that 


pathological alterations have changed the size and shape of the ganglion cells, 
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and many cells have completely dropped out. Of the cortical layers the first 
two are the only ones detinitely recognizable. From a study of the size of the 


ganglion cells it is obvious that only one tiny bit of cortex contains Betz cells 


in the pyram layer. This area turns around a sulcus and appears to form 

the sloping wall of that suleus. Continuing in the other direction the pyramidal 

layer contains moderately large ganglion cells but none conforming to the size 
Betz cells (fig. 5) 

Severe path en place in the parenchymatous 

types of changes. The majority 


s are uneven and irregularly 
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Disc USSION. 


This case presents us with considerable information of interest. 
The most important is the fact that stimulation of area baa of the 
exposed cerebral cortex reproduced movements identical in type with 
the slow sinuous athetoid movements which had so frequently been 
observed in the patient. The conclusion seems obvious that the 
cortical area from which the efferent pathway giving rise to this 


particular athetoid movement takes its origin, is the area baa. This 
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agrees with the work of Foerster in which he has demonstrated that in 
the relatively normal brain complex movements of the contralateral 
extremity can be produced by stimulation of this same area. This, of 
course, at once raises the question of whether these or similar move- 
ments might not have been elicited from this same area in any patient 
and there is no apparent reason why this is not the case. The important 
fact is that the movement produced was identical with that which had 
so often been observed in this patient. It thus becomes apparent that 
in this case at least—and it is obviously fallacious to attempt to draw 
general conclusions from one experiment—athetoid movements identical! 
with those observed in the patient have been produced via a mechanism 
which normally is capable of producing complex movements. Th: 
pathological basis for the release of this mechanism is not definitel: 
revealed in this case. Nor have we any data which will aid us in 
correlating it with the lesions, striatal or otherwise, found in other cases. 
That in itself has no bearing upon our findings. As has so frequently 
been pointed out, the destructive lesion which is disclosed by anatomical 
study cannot possibly demonstrate to us the physiological effecto: 
mechanism which produces motor manifestations. Destructive lesions 
are of necessity negative phenomena. 'They destroy but do not produc 
It is not impossible that some lesion or variety of lesions release this 
cortico-subcortico-spinal mechanism from higher control and thus permit 
it to produce athetoid movements. The proof that any one given lesion 
does this is not as yet forthcoming. 

However, another fact is worthy of consideration. Foerster has 
produced complex movements from area baa only after its connections 
with area 4 have been severed, or after area 4 and its efferent fibres 
have degenerated. Microscopic study of the tissue removed has revealed 
a severe degenerative process. Many neurocytes have disappeared, some 
others though present show pathological changes. Although it cannot 
be demonstrated, it is not impossible that this destruction has more 
severely affected the transcortical connecting fibres than it has the 
descending efferent pathways and thus partially severed the connection 
between areas 4 and jaa. If this is true, and obviously it is no more 
than a supposition, it is possible that the development of athetosis is 


permitted by degeneration of transcortical connecting pathways between 
these two areas, thus setting area baa free to produce involuntarily 


these complex movements which it is capable of producing under arti- 
ficial stimulation. This would, of course, assume that it does so in 
response to afferent impulses which normally play upon it. 
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One further point, which has considerable support in our findings, 
must be mentioned. ‘The possibility exists that not only is area 
tia a released from other control and caused by normal afferent impulses 
to initiate involuntary movements, but that this area may also be 
heightened in its irritability. On stimulating the exposed cerebral 
cortex in this case it will be recalled that although a large cortical area, 
including the postcentral gyrus (areas 1, 2 and 3), part of the superior 
temporal convolution (area 22) and the posterior part of the third 
frontal convolution (area 5), in addition to the pre-Rolandic gyrus and 
posterior part of the second frontal convolution (areas 4, 6a a, 6a 8 and 6b), 
was stimulated only a small part of area baa responded. It is to be 
issumed that the other normally excitable areas were suppressed because 
the patient was under ether anwsthesia, and that the remaining excitable 
urea Was excitable because it was hyper-irritable and that the degree of 
inwsthesia induced was not sufficient to raise its threshold above the 
threshold of the stimuli applied. Nothing that has been revealed in this 
‘ase gives any indication of the mechanism by which such a hyper- 
irritability might have been produced. 

Our conclusions, therefore, are that in this particular instance 
athetoid movements were ettected from the area 6aa of the contralateral! 
cerebral hemisphere which possibly was severed from its normal con- 
nections with the area giganto-cellularis (area 4) and was hyper-excitable, 
ind was put into activity by afferent impulses which normally play upon 
it. but which under normal circumstances would be incapable of 


is area to the production of involuntary movements. 


Sl 


MMARY. 
1) The case of a young girl with a hemiparesis, Jacksonian 

eplieptiform convulsions and athetosis is presented. 

2) The contralateral cerebral cortex was exposed. Stimulation of 


1 part of area baa reproduced movements identical with the involuntary 
ithetoid movements observed in the patient. 

3) The area was excised, abolishing the athetosis, and subsequently 
the epileptiform attacks diminished in frequency and severity. 

(4) Microscopic examination confirmed the fact that part of the 
area 6a a@ was excised as well as a very narrow strip of area 4. Definite 
degenerative changes were observed in the extirpated cortex. 

(5) The conclusion was drawn that in this case these athetoid 
movements were effected by the area baa, which was heightened in 


irritability by some unknown process, and possibly freed from higher 


stimulating tn 

i 


492 ORIGINAL ARTICLES AND CLINICAL CASES 


(inhibitory) control by degeneration of transcortical connections, and 
that this area produced its effect by efferent impulses which passed via 
subcortical (extrapyramidal) centres to the spinal cord and the anterior 


horn cells. 
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THE CELL STATION OF THE VATER-PACINIAN CORPUSCLE 
IN RETROPERITONEAL TISSUE. AN AFFERENT PERI- 
PHERAL PATHWAY IN THE SYMPATHETIC. 


BY DONAL SHEEHAN, 


University of Manch 


IN a previous paper [12] the main nerve-endings of the Vater- 
Pacinian corpuscles lying in the mesentery of the cat were shown by 
experiment to be terminations of nerve-fibres running in the splanchnic 
nerves. It is therefore reasonable to presume for the present that 
these fibres are afferent pathways which traverse the sympathetic 
nervous system. 

According to our present knowledge it is now generally assumed 


that the cell station of all afferent sympathetic nerves is situated in the 


posterior spinal root ganglia. Though this is now generally accepted 


by most anatomists and neurologists, especially since the experimental 
work of Langley |4], Ranson and Billingsley [9], Rossi ;11], and 
others, it must be remembered that the opposing view, originally 
supported by Dogiel | 1 |, is still defended by a minority of neurologists. 
They recognize in the sympathetic mechanism, sensory neurones which 
belong primarily to this system, having their trophic centres in the 
various autonomic ganglia, their peripherally directed processes termi- 
nating in sensory nerve-endings in the viscera, and their centrally 
directed processes running through the rami communicantes into the 
spinal ganglia. Here they end by forming arborizations about special 
spinal ganglia cells described by Dogiel as his “Type II.” Other 
centripetal fibres of the sensory autonomic cells are believed to end 
within sympathetic ganglia in connection with the dendrites of efferent 
cells, thus establishing a sympathetic reflex arc for the transmission of 
afferent visceral impulses which never rise into consciousness at all. 
But Dogiel’s theory has not been confirmed by the many experimental 
researches in this field, and is now discarded by the majority in favour 
of the older hypothesis. 
It should be mentioned for the sake of completeness that Lehmann 
7|, on the result of an investigation of a case of war injury, suggested 
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that sensory fibres of sympathetic origin may enter the cord by anterior 
roots. This view is founded on one isolated case and is not confirmed 
by experimental work. Lebekende and Brjussowa |, experimenting 
on the sensitivity of the abdominal viscera in dogs to ordinary painful 
stimuli, showed that section of the anterior roots had no ettect on 
sensation. 

An attempt has been made here to verify this point finally as regard 
the afferent nerve-fibres running in the splanchnic nerves to the Vater- 
Pacinian corpuscles. The problem has been approached from tw 
ispects. First, the cells of the posterior root ganglia have been examined 


after section of the splanchnic nerves and evidence of degenerativ 


changes sought for, and secondly, direct experimental proof has been 


brought forward, by sectioning the posterior roots either proximal o1 
distal to the ganglia and noticing the effect in each case on the nerv 
termination in the Vater-lacinian corpuscle. 

For the first part of the investigation the animals used were tive 
‘ats upon which bilateral division of the splanchnic nerves had been 
performed by the abdominal transperitoneal route. All the 
were kept for periods varying from twelve to twenty-one days and we! 
then killed by light anesthesia. In three of these animals a cervical, 
lower dorsal (about the eighth or ninth) and a lumbar spinal vanglion 
were removed immediately after death, and paraftin sections mad: 
These were stained by hemalum and eosin in the ordinary way, and 
second set of corresponding sections by Nissl’s thionin blue method 
The cervical and lumbar spinal ganglia were utilized as controls. From 
the other two animals a whole series of spinal ganglia were removed, 
including alternate ganglia on one side, from the first cervical down as 
far as the fifth lumbar. By this means it was hoped that the area, wit! 
which the afferent splanchnic fibres are associated, would be more exactly 
localized. These animals were killed under light anesthesia by injec- 
tion through the right common carotid artery of 10 per cent. formol 
solution in normal saline, in order to prevent any post-mortem 
shrinkage or change in the nerve-cell. 

The results are seen in figs. 1 to 4. Fig. 1, taken from a section of 
cervical ganglion stained by hemalum and eosin, shows the normal 
appearance of the spinal ganglia cells. Practically all the nuclei are 
centrally placed. Fig. 2 is taken from a section of a dorsal ganglion in 
the same animal, and stained similarly with hemalum and eosin. The 
nuclei here are in many cells placed excentrically. There was no clear 
loss of nuclear definition, although the nucleolus was not evident in 
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many of them The nuclei of the small capsular cells surrounding the 
neurones showed a tendency to disappear. A certain degree of shrinkage 


Was also noticed, it as 


this was also to be seen in many of the other 
considered doubtful as an indication of degeneration. The 
ng cells have been supposed by many authorities to 


f the afferent sympathetic nerves. It will be seen 
id excentration of nuclei, but 
‘ells. Many of the larger 


wed similar excentration of 


he same animal, 
sections from the 
sal ganglion showed 


smaller neurones 


Interpret 


renerative changes in the nerve 


aes 
r 


» adopt the second method of approach by 


xperimental « lence could derived 


; of the body were divided, in one 


r roots from the seventh to the 


in another series (three 


Cats were used, and a laminectomy in 


low dorsal reg performed in all cases. ‘The operation offered 


iowel 


many technical difficul , and on account of this the number of 


animals used in each series is unfortunately small. The results, however, 
ire so uniform and « : hi it was considered sufficient to 
establish the point in question. all left 
the operation to allow complete deveneration of any 


four weeks following 


nerve fibres divided from their cell stations. They were then anewsthe- 
tized and stained by the intravitam methylene blue technique and 


vortions of the mesentery prepared by the method used in the previous 
| 


cells it was ies 
small darkly 
» the cell stations o ie 
that the se seein 
the change 1s by no S 
paler-stained cells in the dorsal ganglia 
the nuclei afte. peration 
rom the series of alternate ganglia removed f1 
this excentration of the nuclei was first noticed in - 
fifth dorsal ganglion Sections from the seventh d Pte 
the most marked changes, particularly in the Sections 
from the first lumbar showed a few isolated cells of both the large and Z is 
small variety with marked excentration of the nucleus; in the rest of a" 
the lumbar ganglia the normal appearance of all the cells was again = 
een. The results of the Niss!l stained sections were not conclusive; = 2 
the same marked excentration of the nucleus in certain of the cells was ; : 
vain demonstrated, and in most of these cells the Nissl bodies had } 
A completels But the appearances found were very difficult 
It is clear that one cannot base too much upon excentration of the ea 
nucleus alone as demonstratin’g 
ind it was therefore decided 
which the nore direct 
lor this part of the work, the poster) 
twelfth dorsal segments on bth 
series (two animals) central to the canglia, 
he 
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investigation. In all cases the divided nerve roots were identified and 
confirmed on post-mortem examination. 

The results obtained were both striking and convincing. In the 
cases where the posterior roots had been divided central to the ganglia, 
the nerve terminals in the Vater-Pacinian corpuscles were all stained in 
the usual manner. No corpuscles were found with the central axon 
unstained. In the second series of experiments, in which the roots had 
been sectioned dist«/ to the ganglia, the vast majority of the corpuscles 
showed no nerve terminals whatever. Here and there an occasional 
Pacinian body would be stained in the usual manner, but they were 
very rare in all three animals and, further, it was found impossible to 
form any clear idea as to their usual orientation. They served to show 
that a few of the cell bodies connected with the corpuscular nerve 
endings in the mesentery were situated either above the level of the 
seventh dorsal segment or below that of the twelfth. Their presence 
further demonstrated the success of the method of staining in each case, 
and therefore the negative results could be confidently relied upon. 

The afferent pathway from the corpuscles to their cell station has 


been shown previously to be through the splanchnic nerves. 


CONCLUSIONS. 


The evidence brought forward appears to fix conclusively the cell 
station of the Vater-Pacinian corpuscles of the mesentery of the cat 
in the posterior root ganglia from at least the seventh to the twelfth 
thoracic ganglia. The fact that a few corpuscles still stained after 
section of these roots distal to the ganglia suggests that the ganglion of 
the segment above or below this area probably also takes part in this 
distribution. From experiments it has been possible to trace the 
complete pathway of an afferent myelinated neurone from its nerve 
terminal in the mesentery, via the splanchnic nerves, to its cell station 
in a posterior spinal root ganglion. 

It is, of course, debatable whether this pathway can be assigned to 
the afferent sympathetic system, or whether, as Gaskell | 2 and 
Langley {5 held, all afferent nerves are part of the general nervous 
system, some reaching their destination alone so-called somatic nerves 
such as the radial, some along so-called sympathetic nerves such as the 
splanchnics. There is no doubt that structurally there is no distinction 
which we can recognize dividing afferent nerves of any kind into somatic 
and sympathetic. Knowledge on the intraspinal and intramedullary 
course of the afferent impulses from the viscera which might shed some 


light on this question is lacking 
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But if we turn to the clinical manifestations, we find a method which 
apparently differentiates the two systems. Morley |8| points out there 
are two tests which can be applied, in so far as pain is concerned :- 

(1) The nature of the stimulus capable of producing a painful 
response. The afferent splanchnic nerve fibres do not react to the 
ordinary mechanical stimuli which cause pain when applied to the 
surface of the body. The afferent somatic nerves, on the other hand, 
are sensitive to such stimuli, as cutting, tearing, burning and the action 
of chemical irritants. 

(2) The character of the pain produced, Pure visceral pain produced 


by stimulation of the afferent splanchnic fibres has a distinct quality, 


deep seated, dull and heavy in character and imperfectly localized, 


Pain due to stimulation of the afferent somatic nerves in the abdomen 
is appreciated as a more superficial sensation, is sharp or stabbing in 
character, and is usually accurately localized, corresponding to an area 
of cutaneous tenderness and muscular rigidity. By this clinical dis- 
tinction Morley draws a fairly definite line of demarcation between the 
areas of the peritoneal cavity supplied by the splanchnic and the somatic 
sensory systems, e.g., the parietal peritoneum lining the abdominal 
cavity, the small or gastro-hepatic omentum, the mesentery and trans- 
verse mesocolon as far as an inch or so from their attachment to the 
bowel, and probably similarly the peivic mesocolon, are supplied with 
somatic nerves; the stomach, intestines and great omentum are not 
Whether this is a sufficient basis for this distinction is open to question, 
but it certainly appears more rational to consider the autonomic nervous 
system as Kuntz (4) suggests, as a functional and not an anatomical 
division of the general nervous system 

I wish to thank Professor J.S. B. Stopford for all the material used 
in this work, and for his many helpful suggestions and encouragement. 
The experimental work has been carried out in the Physiology De part- 
ment, University of Manchester, for which facility I wish to express 


my gratitude to Professor Raper and Dr. Schlapp. 
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DISTORTIONS OF THE VISUAL FIELDS IN CASES OF 
BRAIN TUMOUR. 


bes, especially When the lesion is on the rig! ide the brain, may 
uently be difticult or impossible fron ieurclogical studies of the 
patient even whe lependab! imetric fiel e taken, for 
ler IS extremely common with lesions 
and types of 
n a previous paper in this series 


our intent herein similarly to di 


ecipital lobe as the *‘ end station” 


onsidering the enormous number 


articles which have be ‘voted to the injuries and the vascular 


degenerations of the occ it is perhaps surprising that so littl 
attention has been paid to tumours located there, and especially to the 
types of field defects which they display. Moreover, the published 
material is often difficult to analyse, inasmuch as both clinical studies 
more especially pe tric tests—and pathological classification have 
been carried out ifferent ways. 

Within recent years it has been possible to establish a correct location 
with much greater certainty by means of ventriculography. This 
procedure, however great its value, nevertheless has certain drawbacks 
which it would be important to overcome. Among other things, the 
introduction of air into the ventricles in a patient whose clinical con- 
dition is precarious may sometimes be sufficient to turn the balance 
from a successful to a fatal subsequently undertaken operation. In any 


case, though it is a minor procedure, the fact that if an intracranial 
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exploration is to follow a ventriculogram it should be performed on the 
same day, makes even more time-consuming an operation which at 
best may take several hours. Thus, in all probability, it will remain the 
ideal of the neurologist or neurological surgeon to localize a_ brain 
tumour if possible by clinical rather than by ventriculographic data. 
For these practical reasons, therefore, as well as for any added 
knowledge concerning cerebral visual phenomena, the present study has 
been undertaken. 

Material used.—The cases upon which our investigation has been 
based are confined to those having purely occipital tumours as nearly as 
could be told by verification either at operation or at autopsy. Of these 
there were forty from a total of 1,881 verified intracranial tumours at 
the Peter Bent Brigham Hospital up to November 24, 195] 
cases of tumour extending into the temporal from th 
fourteen which were obviously parieto-occipital, alt) 
records as “ occipital,” have been discarded 
of strictly occipital growths might be obtai 
tive cases having multiple carcinomatous m 
discarded, as were two cases of tumour involving 
ne patient with a single, large circumscribed me 


occipital pole has been included. 


Of the forty patients with occipital tumours fi 


available in thirtv, and it is therefore with this latter mi er that 
are concerned chiefly. The remaining ten patients were either blind, 
comatose, or unable to cooperate because of mental disturbance 

The small percentage of occipital growths in a large verified series, 
as well as the comparative rarity of case reports in the literature, is 
doubtless explained by the fact that occipital tumours are infrequent 
This might be taken to signify that their diagnosis is difficult, but whil 
some of the histories in the present study record mistakes in localization, 
it seems lunprobable that many tumours have escaped recognition entirely 
in recent years. In the first place, the routine perimetric study of all 
patients suspected of harbouring a tumour of the brain, with re peated 
examination in obscure cases, would scarcely permit an involvement of 
the visual pathway to pass unnoticed unless the patient were already 
blind. In the second place, ventriculograms and exploratory ope rations 
are now performed with much greater frequency, so that patients are 
less likely to pass from observation with the diagnosis of “ brain tumour 
unlocalized.”’ 
Pathological features.—Before passing to a consideration of the 
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visual symptomatology of occipital tumours it may be of interest to note 
briefly the types of tumour encountered. Of the forty growths there 
vere twenty gliomas of one or another variety representing 50 per cent. 
of the total. Most numerous among these were thirteen cases of 
slioblastoma multiforme. It is interesting that fibrillary astrocytomas 
were encountered twice only, although in other brain areas they are 
about as common as the glioblastomas. Meningiomas were revealed in 
fourteen instances or 35 per cent., the remaining 15 per cent. being 
composed of two angiomas, one metastatic carcinoma, one hydatid cyst, 
and two unclassified tumours. The percentage of meningiomas might 


well be thought to be extremely high compared to the figure of 13°4 per 


cent. in a large verified series of intracranial growths as presented 
recently by Cushing (2). It must be remembered, however, that 
in his large series are included such tumours as pituitary adenomas, 
craniopharyngiomas and acoustic neuromas—lesions which do not occur 


in the cerebral hemispheres: therefore if these were eliminated the 


percentage of meningiomas would rise very perceptibly. 


hat all of them represent mesodermal growths. The 
only other occipital series of considerable size in which statistics are 
given as to the types of tumour is the group of forty cases collected by 
Allen |4) in 1950, from the National Hospital, London. Of these there 
» sixteen gliomas of one form or another, four meningiomas, three 


sarcomas, two gumimias, two cysts, and one angioma In the remainine 


twelve the nature of the growth was not recor¢ 


Visual field defects.—As denoted in the title, our interest has centred 


ipon the perimetric ind hallucinatory effects produced by occipital 
tumours, and in view of this it may be well to recall what the studies 


of others have revealed concerning these features Some form of 
} 


homonvmous fie id defect has iong been known to be a ire jue nt clinical 


finding in cases of tumours in one or the other occipital lobe. Nine of 


the fifteen occipital tumours collected by Duret 5 in 1905 showed 
contralateral hemianopsia, but no further details were given. ( omplete 
hemianopsia appears to have been the rule in the cases collected by 
Wilbrand and Saenger in the monograph mentioned above, although too 
much weight must not be laid on the perimetric fields in their rather 
miscellaneous group. Often no fields are given with the case reports, 


and often they are unsatisfactory. In only three instances does the 


i 
It is difficult to compare these statistics with those of the fifty odd 
cases gathered by Wilbrand and Saenger $3) in I917. For the most : 
part the older cases are reported as sarcomas of various types, but it is 
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summary state definitely that the macula was spared, and in only fom 
more was there a sector defect. 

More recently (1929) Frazier and i} reviewed a series of 
forty occipital tumours, in nine of w » lesion was, however, 
primarily temporal and invaded the adjacent occipital lobe. 
ments concerning hemianopsia in this article are of a general rather than 
a specific character. It said, however, that none of the cases bor 
out the conception that occipit hema ypsla 1s less clear cut than that 
of lesions further forward. ‘The authors conclude that hemianopsia and 
visual hallucinations are the most constant and valuable of ail symptor 
enhanced when in 


relating to occipital lobe tumours, their value being 
association with other symptoms 

a recent comprehe 
tioned, has made an exha 
symptomatology produced by forty 
lobe, and submits also a thorough review of the literaturs 

Of his total number of tumours twenty-four were confined 

whereas the other sixteen inv 
portions ‘ither temporal or 
defects were found to be preset 
It Was p ssible to ch it th 
following 


e incomplete 


extending to the middle line above 
but leaving the latt 

Ti 
defect of 

(7) Those 
defect. 

(e) Those in which the visual fields were normal 

Inasmuch as Allen has outlined these groupings of the various types 
of field defects which may be expected in patients with tumours involv- 
ing the occipital lobes it would be interesting for the sake of comparison 
to divide our series in the same mat *. ‘The two series, however, are 
not strictly comparable, since Allen included occipito-temporal 
occipito-parietal growths, and though such comparisons as can be mad 
will be referred to subsequently, we have chosen to point out primarily 
certain features of the hemianopic defects which we believe to be most 
important in the differential diagnosis of purely occipital tumours 
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It has long been an impression in this clinic, as perhaps in others, 
that n patients showing homonymous contralateral field defects the 
macular fibres were likely to be spared if the tumour was occipital, 


whereas in temporal lobe tumours which caused a complete rather than 


a quadrantal defect the line would extend more often directly through 


the fixation point. ‘To substantiate or to dispel this impression t 
in the present series showing such 
hemi inopsi&’ were examine d prim irily as to this 
other determinations and calculations, it is of 
taken prior to operation 
ion will be given at times 
impression referred to seems to have been 
tigation, since of the nineteen patients 


r 73°6 pere showed a distinct 


which 
monymous quadrantic 
» loss of vision of the whole or nearly 


1 eves, and one othe ! 1} wed 


hot 
ve, the other being blind. In no 
an upper quadrantic h 


type ol i d which 


rimary points » propose comparison 
th Allen’s series may be g1 ), using his classification of tield defects 
clearly in mind, however, that sixteen 
neighbouring portions of temporal or 
ur series were selected on the basis 
Furthermore, Allen 

y cases although fields were 
r purposes of this comparison, 
tal forty, fields not 

ing available in 25 per cent 

In his first group Allen placed those cases which showed “ complete 
homonymous hemianopsia extending right up to the 
fixati ‘int,’ in other words, cases in which the macular fibres were 
bisected together with complete hemianopsia of the peripheral fields. 
This group was represented by 32°5 per cent. of his cases, whereas in 


ours the figure is 12°5 per cent. Our percentage therefore is less than 


sparing of the macular tibres, while in five, or 26°4 per cent., there was es 
bisection of the fixation point 
The second striking feature, ; an 
is a Whole, related to tne ho ; . 
patients showed a clear-cut, com 
hole contralateral lower quadrants « 
this complete quadrant loss in one e . 
nstance was there found an exampie ol 
present in tem] ral » tumours a 
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half of that found by Allen, and it is our feeling that the discrepancy is 
due to our exclusion of the cases in which there was extension of growth 
outside the occipital area, particularly in this class, the occipito-temporal 
tumours, 

The second group to be considered is that having a complete contra- 


lateral homonymous hemianopsia except just around the fixation point. 


in ours. We conclude that our higher percentage in tl group is 
because the macular fibres are more frequently spared in purely occipital 
tumours, 

The third group comprises those cases showing a_ contralateral 
homonymous crescentic defect. Of Allen's patients 7°5 per cent. sh 
this type of field, whereas our figure was 5 per cent 


In the fourth category Allen designated those having a contralateral 


homonymous quadrantic defect, and placed 12°5 ‘cent. of his cases in 


this group. Curiously enot , the percentage fig vas identical in 
dur series. 
Finally, the g 
cent. in Allen’s series and again our figure wi: hename. 1% shonid 
added that two other cases 
dinany of these g 


determined 


lese Cases represente¢ per cent. In wens series and 5 pel cent. 
an could not be HM from the charts. 
Ae 
q I ‘ t t 
- 
q 
I. Complete hemianoy ) 16°7 
th tion of t ucula 
rT 
( IT. Complete hemianoy 22°5 
except for sparn I the 
macula 
G ITI. WHemianopic cres Ot 
entic defect 
Gr Homony is lad 16°97 
rantic defect 
(7? vs N mal fields 
Group VI. Indeterminate 0-0 
(rrol Vl. No fields available 20°0 0-0 
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In order to bring out this comparison more clearly we have put it in 
the form of a table. Included in the table also are the percentage figures 


for our own series based on a calculation from the thirty patients in 


whom fields were available, since for the purposes of this paper such a 


basis seemed more appropriate. 


In order to throw further light upon the point of sparing the macular 
was divided into three groups according to their il 
Group I, meningiomas (fourteen); Group II, glio- 


Group III, miscellaneous (thirteen), including all 


this group, in which the tumour was 
ice circumscribed and likely to be situated 
f the other groups, there 
re indeterminate, in another the y 4 
| patient was blind. Of the eleven remaining 
is field defects. nine (Sv per cent. showed sparing 
ind in two (18 per cent.) the fixation point was bisected. 
croup the patients who showed 
ht be expected, normal visual acuity, 
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No special comment need be made as to any features of iii 
‘cipital flap 
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Operation followed ventriculography on the same day An occi 


flap was turned down and a 170-grm. meningioma enucleated from t 


note that fields taken four years after his tumour was remove 


the right occipital lobe. The patient made an easy convalescence. H 
choked dises receded promptly to | diopter it the t e irge ¢ 
September 29, 1930, and hei post-opet ive visual lds showed 
improvement (fig. 4 

The two patients in this group showing bisection of the macu 
fibres hkewise had sharply cut fields, one of them hemianopic, the oth 
a complete lower quadrantanopsia. In the former it is interestin 
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\lthough our impression was that this was an occipital tu:=_— pre- 
ninary tap in the right occipital r n was made \ ghoma li was 
encountered, and perat ollowed ediately. 
Operat ! December 24,1928 il bone flap was reflected 
\ Solt, partly eystic glioblastoma of t il lobe was disclosed and 
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enough forward to be classed as temporo-occipital, but nevertheless 


they have been included. It is interesting, however, that even in on 
of these the macular fibres became definitely spared after operation 
The record of this case follows :-— 


Case 5.—S. P. H., a man, aged 57 (surgical number 36700), was referred 
June 15, 1930, by Dr. C. E. Guthrie of Seattle, Washington. Nothing 
importance was revealed by the family and past history. 


perative fields in whi 


vably due to better co-oper 
His present illness began some six weeks before admission to the h spit 
with persistent blurring of vision, accompanied by gradual impairment 
mental acuity. It should be said that two weeks previous to these sympt 
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he had received a sharp blow in the occipital region, but this was not sufficient 
to render him unconscious. For about ten days before admission he had had 


moderately severe headaches situated in the postorbital region. 

Neurological examination revealed slight left lower facial weakness, absent 
superficial reflexes on the left side, normal fundi and complete left homonymous 
hemianopsia (fig. 9). X-rays gave no indication of the tumour’s situation. 

A ventriculogram was carried out on June 19, 1930, and this disclosed 
displacement of both lateral and third ventricles to the left, with forward and 


upward dislocation of the right occipital horn. 
Operation on this patient was delayed until the following day, June 20. 


On this date an occipital flap was reflected with the patient lying face down. 


\ highly vascular, soft glioblastoma was encountered and radically extirpated 


by suction and by electro-surgical methods. 
The patient made a good convalescence. Postoperative fields on July 20 


fig. 10) showed definite sparing of the macular fibres, whereas these had 


apparently been bisected before operation. 


Group Ill.  (Miscellaneous.)—The tumours in this group repre- 
sented a wide variety, but on the whole they were considerably more 
circumscribed than the glioblastomas. The total number of patients in 
this group was thirteen, but in two no fields were available, and in two 


others who showed homonymous defects the charts were indeterminate 


as to whether the macula was spared or bisected. Of the nine remain- 


ing, seven (78 per cent.) showed wholly intact macular fibres, and in 


two (22 per cent.) the macula was bisected. 
Two of the patients with spared macular bundles showed fields 


which were rather of the crescentic type of Allen but with distinct 


tendency to a lower quadrantal homonymous defect, and one showed a 
clear-cut lower quadrantanopsia. The others corresponded largely to 


the type exhibited by the following case :— 


Case 6.—C. S., a housewife, aged 54 (surgical number 27915), was referred 
on January 3, 1927, by Dr. L. Myers of Hollywood, California. Her family 


and past history were irrelevant. 


Present illness : During the year before admission she had had three con- 


vulsions which were without localizing phenomena. Six months before 


entrance she began having severe headaches with vomiting. Her sight failed 


progressively and she had oceasional attacks of numbness and weakness of the 
right hand. For one month she had had difficulty in counting. 


Neurological examination, as in a large proportion of cases in the series, 


revealed merely bilateral choked dises of E diopters, possibly slight weakness 


of the right hand, and the right homonymous hemianopsia with spared maculze 


shown in fig. 11. 
After a left subtemporal decompression on January 18, ventriculograms 


d 
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were made on January 26. These showed a marked concave defect in the left 
occipital horn, suggesting the outline of a tumour. It is also to be noted that 


after the decompression she had a single \ 


standing in the doorway ”’ on her right side. 
Operation was performed the same day. The usual face-down position Was 


employed and a left occipital bone flap reflected. d arge, firm, rubbei 


£0 - 


Post-operat ive fields 


tumour was encountered 3 cm. below the surface of the occipital pole, : 


extirpated radically. It proved to be an astrocytoma fibrillare. 

The patient did extremely well after operation although having a little 
temporary difficulty in reading, writing and remembering names. She was 
discharged on February 7, 1927, at which time her fields still showed 


a 
hallucination of “some on 
vos 
Correctet VC Name _ClaraS 
i. us Fic. 11 (Case 6).—VPre-operative fields (screen only). Shaded area in right halves 
means lessened perceptibility. 
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distinct sparing of the macule (fig. 12), the area around the fixation point 
being somewhat less than before her tumour had been removed. 

Comment.—The only other fibrillary astrocytoma case in the series 
was a patient in coma who died without operation. 

As mentioned above, two patients in this group had homonymous 
field defects of somewhat crescentic form, but nevertheless suggesting 
the lower quadrantal type. The following record illustrates this 
tendency as well as a slight indentation suggesting a horizontal sector 

ical number 22172), was referred on 
. C. Frazier of Louisville, Ky. 


fore admission he had been having headaches, vomiting 


| failing vision. 
t diopters, a right facial weakness, visual sensory aphasia and the rig 


Neurological examination showed bilateral choked dises 


monymous fi 


lds illustrating the crescentic type with 
n the right side (perimeter only). 


A left subtemporal decompression was performed on November 13, 1919, 


LU 


as there was little improvement a left occipital bone flap was turned down 


mn November 25. At this session a large medulloblastoma was disclosed and 
removed as radically as possible. 

The patient was discharged with good visual acuity on December 7, 1919. 
He reported again on April 17, 1922, and fields taken at that time still showed 


sparing of the macula with visual acuity nearly normal (fig. 14). 

Two patients only in this group showed bisected macular bundles. 
One of these had a spongioblastoma polare, and the other an echinococcus 
cyst. The record of the latter may be given as an example. 


hom |d defects shown in fig. 13. 
Fic, 13 (Case 7).—Pre-operative t tendency 
to lower quadrant defect : 
ul own 
| | dj 
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Case 8.—M. G., an Italian, aged 41 (surgical number 28014), was referred 
on January 18, 1927, by Dr. A. De Feo of Chicago, II]. 
His present illness consisted entirely of headaches and faili 


1g vision 


a period of two years. 
Neurological examination showed a little weakness of the left side, bilate: 
choked dises of 24 diopters and the left homonymous hemianopsia illustrated 


ation showing tendency 


(Case 7).—Fields taken three years after operation 
homonymous right lower quadrantal defects (perimeter only). 


Name Michael!G 


rist 4 Cairns 


Fic. 15 (Case 8).—Pre-operative fields showing hemianopsia with probable bilateral 
bisection of macula (screen only). 


A ventriculogram was performed on January 28, 1927, and this showed the 
l 


occipital horn of the right ventricle displaced downward and forward. 


some reason operation was delayed and the patient lapsed into coma, bi 
was brought back to consciousness by an intravenous injection of hypertonic 


saline. 
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On January 30, a right subtemporal decompression was performed, and on 
February 9 an occipital bone flap was turned down. The lesion was located 


in the oecipital lobe and complete extirpation accomplished. 


Convalescence was stormy with some elevation of temperature for two 
weeks. The bone flap was re-elevated but no clot found. He gradually 
improved, and at the time of discharge his fields had begun to fill out a little in 


e lower halves (fig. 16). 


Comment.—Only one other example of hydatid of the brain is on 
record at the Peter Bent Brigham Hospital, but there are three in 
Wilbrand and Saenger’s series and two among the fourteen occipital 


tumours collected by Duret. 


Fic. 16 (¢ 8).—Post-operative field illustrating slight tendency to filling out 


wer quadrants (screen ouly) 


The case, however, is not cited merely because of its rarity, but 


because it is the single example in our series of purely occipital tumours 


in which there was a tendency either before or after tumour removal 
toward an upper homonymous defect rather than a lower. Further- 
more, in the post-operative fields there is a distinct tendency toward a 


horizontal sector defect 

Visual hallucinations.—In a previous communication upon this 
subject by one of us (Horrax |7|) both the temporal and the occipital 
lobe tumour cases verified in the clinic to 1923 were investigated as to 
hallucinatory phenomena. Up to that date there had been no instance 
of true ‘formed hallucinations’’ in occipital growths and _ these 


phenomena therefore were reported as significant of involvement of the 


yptic tracts within the temporal lobes, or possibly to an invasion of the 


optic thalamus. 
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In the present series of purely occipital tumours six patients (15 per 
cent.) gave a history of having had visual hallucinations of one sort or 
another before their tumours were removed. Four of these described 
the appearances in such a way as to leave no doubt but that they wer 
“unformed ”’ images such as spots, circles or flashes of light, but one of 
the four, as will be told, saw also vivid ** formed” figures after operation 
One of these descriptions has been given fully under Case 4 above 
Another patient (C. B., surgical No. 19638) said that she had consulte 
an oculist a year and a half before admission to the hospital because she 
“had floating spots before her eyes.’ Occasionally also she *‘ saw 
flash of light.” These flecks of light were temporary and she did not 
remember whether they appeared toward one side or the other. Hei 
tumour was a large (188 grm.) meningioma at the occipital pole and sh« 
had a left homonymous hemianopsia with sparing of her macula. 

A third patient (V. K., surgical No. 35792) had had for twelve years 
episodes of seeing a sparkling light in front of her eves. This light 
“would begin circling around in ever increasing circles’ until the bull 
or source of light would seem to involve her whole visual field. This 
gradually enlarging circle would reach its maximum and disappear in about 
fifteen minutes. Associated with the hallucination she had a feeling of 
nausea and dizziness. There was no projection of the image to either 
side, but the vision was followed by a period of hemianopsia which 
might last one to two hours, and this was succeeded by a headache 
She could not tell whether her hemianopsia was always on the sani 
side. Her tumour was a large cyst with a mural nodule lying in the 
anterior portion of the occipital lobe. She had a complete right 
homonymous hemianopsia with bisection of the fixation point. 

The fourth of these patients who experienced crude hallucinations 
(W. G., surgical No. 28111) described the episode merely as a “ halo of 
white light ’’ opposite the right edge of his visual field. He had a right 
homonymous hemianopsia with spared macular fibres. This type of 
hallucination had occurred before operation, but for four days after th 
removal of a large, high occipital meningioma he had exceedingly vivid, 
typical formed hallucinations. The pictures came and went so rapidly 
that he could scarcely recognize all of them. They were all flat and 
unreal. Many were coloured. They were spaced about ten minutes 
apart and he dictated long lists of them to his attendants. They appeared 
first in the upper quadrant and later skipped about from one part to 
another, but always on the blind side. Those above the horizontal 


appeared very large, those below were of natural size. The most vivid 
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image was one of Dante which resembled the well-known profile with 
long nose and a wreath on the head. Twice he saw the figure of 
Theodore Roosevelt, once in a white vest and once in a frock coat. One 
of the few figures which had any motion was a white Punchinello with 
a white face who kept bowing from the waist. He also saw strange 
men walking, dogs, goats, and lions, a Japanese warrior in tortoise- 
shell armour, a fat man blowing his nose, and a host of unrecognized 
figures. 

The hallucinatory phenomena of the remaining two patients were as 
follows: In one, Case 6, recorded in the earlier part of the paper, there 
was seen a vague image of some one standing in the doorway on her 
right side, this appearance coming after a left subtemporal decompres- 
sion bat before the operation for tumour removal. The other patient 
(L. S., surgical No. 30335) saw signs hung up in the room although 
actually no signs were there. He also asked his wife whether or not 
there were bugs crawling along the wall. He likewise saw colours 
always to his left side. This patient was in an exceedingly drowsy, 
almost semi-conscious state, so that fields of vision could not be taken 
He gave a history, however, of a left homonymous hemianopsia. His 
tumour was a glioblastoma of the right occipital pole. 

From the foregoing data, therefore, it is still our impression that 
true formed figure hallucinations are not produced by occipital tumours. 
The one striking example of such phenomena in our series occurred only 
after an extensive operation and the images may well have been called 
forth by trauma and irritation of contiguous areas. Of the remaining 
two instances, one was exceedingly vague and occurred after a temporal 
decompression, the other episode was elicited from a semi-conscious 
individual, the characteristics of whose hallucinations resembled more 
nearly those of general intracranial pressure or delirium tremens. It is 
interesting in this connection that Harris 8 | in 1897, after an extensive 
study of clinical material, came to the same conclusion regarding the 
crude type of visual hallucinations, but was inclined to believe that the 
complex images, although elaborated perhaps in the angular gyrus, were 
‘*due to reflex irritation from a lesion in or near the cuneus, but which 
may be in the optic radiations or optic tract.”’ 


DiIsct SSION,. 


In the present investigation an attempt has been made to set forth 
certain effects upon the visual apparatus of occipital lobe tumours. All 
the cases in the series were verified as to their situation and their patho- 
logy either by operation or autopsy. Even so, we realized that some of 
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the tumours may have involved adjacent portions of temporal or parietal 
lobes, but an effort was made to eliminate these so far as possible by 
careful reference either to the detailed account of operation, including 
usually a sketch made at the time, or to the post-mortem specimen or 
photograph. In confining our study to purely occipital tumours, there- 
fore, both the investigation and its results differ considerably from the 
studies upon occipital tumours hitherto reported by those who have 
included tumours involving neighbouring brain areas, in some instances 
rather extensively. 

Several striking features relating to the visual fields are apparent in 
this series. Perhaps the most important is that in a large proportion 
of the cases showing contralateral homonymous field defects the central 
fibres were spared. This was especially manifest in the meningioma 
group, a fact which we believe to be highly significant since they, of all 
the growths in this area, were the ones which could be said to be entirely 
occipital, as a rule occupying the situation of the occipital pole. 

Two explanations, at least, may be offered to account for the 
preservation of central vision in patients with occipital lobe tumours. 
One of these would be on the basis of a double cortical representation 
for the macula with the secondary set of fibres decussating in the 
posterior end of the corpus callosum according to the ideas of Lenz | 9 
and of Foerster [10]. That the assumption of such an interpretation 
for preservation of macular vision is open to grave criticism was shown 
by one of us (Putnam (11]), in a comprehensive review of personal and 
other investigations bearing upon this point. In the case recorded by 
Foerster in support of this theory a patient with normal visual fields 
was explored for a supposed tumour in the region of the corpora 
quadrigemina. At this operation the posterior end of the corpus callosum 
was divided and the right occipital pole excised. The patient had a 
complete left homonymous hemianopsia with bisection of the macular 
fibres post-operatively, but this does not prove that the result would not 
have been similar if the occipital pole only had been removed without 
section of the corpus collosum. 

A more plausible explanation, it seems to us, is offered by Allen. 
He believes that so long as a minimal number of visual fibres remain 
undestroyed or completely compressed, together with preservation of the 
cortex of the occipital pole, central vision remains unimpaired. Such a 


sequence of events is illustrated admirably by meningioma cases in 
which the whole occipital area, although often markedly compressed, is 
nevertheless not destroyed, and it is these patients who so frequently 
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retain central vision in the presence of an otherwise complete homony- 
mous hemianopsia. In one case in the present series, extirpation of a 
200-grm. meningioma from the occipital pole led to loss of central 
vision which had been present before operation, although the corpus 
callosum was well outside of the operative field. In another instance 
(Case 5) macular vision returned after extirpation of a tumour situated 
well posterior. 

A second point concerning visual fields relates to the situation of 
homonymous quadrantic defects. Only five patients showed this type 
of field, so it is unwise to draw any far-reaching conclusions from this 
small number. However, in all five instances the quadrant was always 
the lower one. That upper homonymous quadrant defects may be caused 
by an occipital tumour is clearly evident in Allen’s report (Case 3), but 
from our experience we should regard them as exceptional. A possible 
tendency to upper quadrant defect may be seen in the fields of Case 8, 
but only after operation, and in combination with other peculiarities 
practically unknown in defects due to temporal lobe lesions. 

A third characteristic of the sector defects caused by occipital 
tumours is that they subtend a variable arc. The sector defects caused 
by temporal lobe lesions are almost invariably quadrantic; that is, they 
are bounded by the horizontal as well as the vertical meridian. This is 
well shown by the case reports in the previous paper of this series | 1}. 
In the present group of cases, the upper border of the defect may lie 
below the horizontal (figs. 3 and 4), or above it (figs. 5 and 14). 

A fourth feature of the field defects in this group is their tendency 
to be relatively congruous on the two sides respectively. That is, when 
the field of one eye is superposed on that of the other they correspond 
closely. Except in the instance of complete hemianopsia the defects 
due to temporal lobe tumours are usually strikingly dissimilar. In one 


case reported in the preceding paper |1] there was an almost complete 


quadrant defect in one eye, and a normal field in the other. The 


association of a homolateral quadrantanopsia and a contralateral com- 
plete hemianopsia is not rare in cases of temporal tumour. 

In several cases in this group the defect described by Holmes [12], 
consisting of a wedge-shaped scotoma extending to the fixation-point on 
the horizontal meridian, was seen (figs. 13 and 16). This type of defect 
probably never occurs except with occipital lesions. 

The differential diagnosis between temporal and occipital tumours.— 
This may be difficult or impossible without the aid of ventriculography, 
but we believe that certain features which have been stressed here will 
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be helpful. For a comparison of the visual aspects the perimetric 
charts of 121 cases of verified temporal lobe tumours were examined 
Among these, fields were not available in 46. Of the remaining 75, 


normal fields were revealed in 20, complete hemianopsia with involve- 


ment of the macula was shown in 17, upper quadrant defects in 16 and 


lower quadrant defects in 13. A more or less typical sparing of th« 
macula occurred in 5. Thus it is apparent that normal fields, quadrant 


defects (especially upper) and hemianopsias with bisection of the fixation 


point are infinitely more frequent with temporal lobe tumours than with 


occipital. The preponderance of fields showing spared central fibres 


in the latter would seem to put the burden of proof upon the person 
who said that a patient with such fields had not an occipital growth 


CONCLUSIONS. 


(1) Intracranial tumours confined to the occipital lobes are compara- 


tively rare, occurring in only forty instances in a series of 1,581 verified 


intracranial growths. 
(2) In an extremely large proportion (73°6 per cent.) of patients 


having tumours confined to or chiefly compressing the occipital lobe, 


fields of vision show a contralateral, homonymous hemianopsia in which 


the central fibres remain unaffected. This is particularly true of 


meningiomas situated at the posterior end of the occipital lobe. 


(3) An upper quadrantal homonymous defect of the visual fields was 


not disclosed in any case of the series, and we therefore regard its 


occurrence as rare in strictly occipital tumours. 
(4) Visual hallucinations occurred in six patients (15 per cent.) before 


operation for tumour removal. Careful investigation of these supports 


the idea that complex ‘‘ formed” images are not provoked by occipital 


tumours. 
(5) The differential diagnosis between temporaland occipital tumours 


may be impossible without ventriculography. The high incidence of 
spared central fibres, together with the rarity of upper quadrantal 
defects in the latter, are helpful, since bisection of the macula and upper 


quadrantanopsia are frequent in the former. Other differential features 


are the relatively greater tendency to the true quadrantic form (bounded 


by the horizontal meridian) in defects due to temporal lobe lesions, and 


their greater incongruity as compared to those due to tumours of the 


occipital lobe. 
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DISTORTIONS OF THE VISUAL FIELDS IN CASES OF BRAIN TUMOUR 


ippreciation to Dr. Harvey Cushing for his kindness in permitting 


hem to report these cases from his clinic. 
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A NOTE CONCERNING 
LOBES TO POSTI 
MONKEYS 


THE RELATION OF THE 
‘RE AND 


FORCED 


FRONTAL 


GRASPING IN 


ACCORDING to anatomical definition, the frontal lobe is that part 


the neopallium lying anterior to the central suleus (Gray |7}), but in 


considering the functional activities 


important regions can be recognized. 


of functional analysis it seems desirable to disreg 
‘fh 


f this 


are 


definition altogether, and to reserve the adjective 


of the following functional 


of the frontal lobe is not new (see 
that further experimental support for 1 


(] Motor area, This 


gyrus; it is bounded posteriorly by the central sulcus, 


lies on the 


Hines 


t would 


surface 


by the lower limb of the inferior precentral 


ill-defined superior limit generally associated 


superior precentral sulcus 


7 >» 99 
(2) Premotor area (* Area 6 


primates below man, is bounded anteriorly by the superior limb of th 
and its 


inferior precentral sulcus (arcuate | 


the midline below) 


inferior precentral sulci do not reach the midline o 
there is anatomical and physiological justific: 
fix 


boundaries to the midline, 
circumscribed corresponds 
* Area 6 


‘ 
(3 Frontal 


of Brodmann. 


Its posterior b 


In 


areas We are aware that this subdivisi 


rf the brain thre: 
In fact, from the point of view 


ard the anatomical! 
mtal”’ for the third 


has seemed to us 


ne anterior cent) 


and anterior! 


arcuate) sulcus and an 


Brodmann 


as indicated in 


with the 


special 


arbi 


By the frontal area we refe 


it! 


Wel 


primates with the 


2, 3]).—This, 


rv continuation t 
is variab | 
s, and can onl 


» the region of the 


neopallium anterior to the inferior precentral sulcus and its arbitrat 


extension to the midline. 


referred to as the 


By some authors, «¢ 


We 


“prefrontal area 


Oo 


Hines 38), this 


i 


vet prepared to 


4 
524 
BY J F, FULTON, ( I JACOBSEN \NID IARGAREI KENNARD 
Ir the Laboratory of 1 boule University Sel of M ne. 
| 
> be welcom 
m | 
| 
it 
~ ae corresponds roughly with the superior precentral su 
oe Meee be ascertained by faradic stimulation In monkeys the superior and 
the hemisphere, but 
mn for extending the 
1, since the area s 
agranuia arcnitecton 
" 


FRONTAL LOBES AND POSTUR AND FORCED GRASPING IN MONKEYS 


define the exact medial and inferior limits of the frontal area, but for 
the present we have taken as the ventral boundary the tissue lving 
anterior and medial to the external orbital sulcus. Our reasons for not 
including the so-called premotor area with the frontal area will be 
evident from a perusal of this paper. 

We have attempted to make the preceding definitions conform to 
the 1.N.A. terminology, and we believe that they are applicable to all 
primate forms, provided the well-known arcuate sulcus of the monkey 
has its homologue in the inferior precentral sulcus of man and the higher 
apes. 

We propose first lescribe the characteristic syndrome produced 


bilateral extirpation of the frontal areas of monkeys, 1.e., the entire 


AREAS. 


‘prefrontal’ region ogs and cats is said t 
ture in the extremities opposite to 
sted and Warner 14, believed that they could 


lecerebrate rigidity by making a bilateral frontal 

The general result was confirmed by Langworthy |11 

hat the hypertonia disappears if the ent/re motor are 
has been expressed, however, concerning the 
inference that the ons | hese experiments were restricted to the 
prefrontal area. The premotor and motor areas, as is well known, lie 
llimetres posterior to the frontal area in cats, and any 

is hkely to impinge upon the premotor and 
seemed worth while to record a series 

observations made for another purpose in monkeys, since in the monkey 
the frontal area is more considerably developed and can be precisely 


delimited from the motor area 


Our preliminar\ bservations were made upon two monkeys 


sus), highly trained in problem-box manceuvres (see | 9 


frontal areas were removed from both sides simul- 


taneously under sodium-amytal anesthesia. The extirpations wer 
made with a Bovie electrosurgical unit which allows precise anatomical 
delimitation ¢ 1e lesion. The exact extent of the ablation in the 
animal is indicated in fig. 1. Each area was taken out as 
block of tissue and the extent of the lesion could be ascertained 
from examination of the block of tissue removed. Full details con- 


cerning the surgical procedure and the effects of 


region anterior to the arcuate sulci 

BILATERAL REMOVAL OF FRONTAL ED 
Iixtirpation of the ‘ 

cause a permanent alte 3 
the lesion Indeed Oln a 
from which hte 
lesion | 
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acquired skilled habits, learning, etc., will be recorded at a late: 
date. 

For our present purpose we have only to report that complet 
bilateral destruction of the frontal areas has, in our experience, produced 
no permanent alteration of posture and no motor deficit in the e 
tremities. After the procedures the monkeys were perfectly codrdinat 
but they exhibited a striking condition characterized by a very great 
increase in spontaneous motor activity with constant rest 


syndrome which one of us has previously described 9, 10), following 


I posit enta 1 of 
ex} 1 simult isly at operation, May 19, 1932 
tl spheres rawt rate t air 
ude at operat Below, at ion em | 1 
rea, W h wa ved ippled 
blated simultaneous! lls sures, Wl 
ippling denotes the } trea and cr i ing 


destruction of the frontal areas in monkeys. With the augmentation 
of motor activity there is an associated increase in appetite, which 
sometimes involves ingestion of two to three times the normal amount 
of food, and despite this circumstance the animals generally lose weight. 

At no time was there evidence of forced grasping in animals in 
which the lesions were restricted to the frontal area. 
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part of the hemispheré 


those just described. 


IN MONKEYS 


S AND POSTURE AND FORCED GRASPING 


BILATERAL REMOVAL OF FRONTAL AND Premoror AREAS. 
If one inclu the premotor area in the extirpation of the anterior 
, the symptoms resulting are quite different from 

In two monkeys, one Pithecus rhesus, and the 
ther 2. cupidus, we have carried out sharply circumscribed bilateral 
extirpations of all cortical tissue ant In both 
careful to undere 


derlying 


rior to the excitable area. 
the cortex somewhat anteriorly 


xperiments we 


peration animals began to 


ly of the upper ex- 


forced grasping, especii 
slowness of 


perseveration, 
the initiation of 


retardation in 
was no hypertonia or true 
of 


in striking 


movement, iking 
movement, e.g., grasping for food. Ther 


The mental appears to be one 


spasticity. state the animals 
ather marked torpor, and the motor behaviour is 
‘ontrast to the incessant activity o 

The area removed from the second of the animals just mentioned is 


indicated in fig. 2. 
in the following protocol. 


tAIN, 


he frontal’ animal. 


Details of the observations on this monkey are given 


so as to avoid injury to the uri basal ganglia. 
{ 
\ 
\ 
y ‘ 
ted f t tior the frontal premotor area 
| ved fr t viewed from 
é st t bet tral Is at he premotor area 
Within one to two days cf es 
show strongly marked 
tremities (but also pres sf 
34 


528 ORIGINAL 


Experiment 1.—AMature ma 
grm. Bilateral bone-f 
motor area on bot) 


of movenu 


[Frontal IV. 


The subject of the expe 


ARTICLES 


whieh had been un le pserva io 


months prior to operat 

mimicry and certain charae 

executed in order to 

Operation (July 5, 1932 
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stroking of the palmar surface and bases of fingers served to evoke a vigorous 
grasp, from which the animal would not ordinarily relax until both feet were 
securely on the ground and the arms brought to the level of the umbilicus 


Frequently, also, vigorous grasping was seen in the foot, and on one occasion 


was sufficient to support its weight over a period of several minutes. The 


involuntary character of the grasping reflex of the foot was, however, less 


lefinit lan in After the end of the first week the animal com 
th its hands, and though it often appeared 
usp on food, the grasp reflex diminished 


[he retlex was at its heig| t on 


ob ect was 
would grasp it slow 
once srasped the object 
inge of attitude. 
he animal would 


be retained, 


t groping 


itary grasping reappeared 
f the second operation 
LO grasp any 


axed voluntarily 


) 
sixth day after « pel ition and was still sufticient to maintain its we cht il te 
nore than two weeks. 
Gro} \fter the first week, when any thin 
dius of 1 to 2 ft. in its field of vision the ani ly but ee 
firmly after a latency of ten to thirty seconds ; would 
would be held for minutes at a time without e etimes 
when the object was held just out of its reach t s hand 
toward it and the posture so induced would HE as if frozen” in . 
position for minutes at a time. ae: 
Pei vera All p posel | movements were notably slow ir Starting a 
luring the first three weeks and always continued after their usefulness was 
ver. Thus, when the ind was brought to the face with food it staved there a 
! ten clutched the food while the animal was at the same time trving t sy 
econsu t Once a yvement, such as walking or chewing, was initiated, the ‘og 
wnimal w ld continue the movement for an unlimited time, t exclusion 
ill othe etivity and in complete disregard of external stimuli which would bon 
eadily divert a normal monkey. 
P ny There as no hypertonia and no true spasticity in any of the 
xtremities following operation. The attitude of the animal, however, was 
somewhat unusual, in that he tended, especially during the first week, to stand 
for long periods I time with 1S he Li depressed. The postural disturbances 
vere chietly those associated wit ts foreed grasping an 
Sul t | } The animal was kept in the laboratory for ninety-sey ae 
lays before a second operation was performed. During this time speed of 
reaction gradually increased until motor performance appeared normal! During a 
tl third and fourt weeks, forced rasping and groping were the most 
prominent fe tures in the animal's b iviou It was usually found hangir 4 
from the bars of the cage \fter the fifth week these symptoms slowly : 
subsided, and it became more and more difficult to elicit retlex flexion by aa 
stroking the palms. During the fifth week, volun Ts 
the first time, and inereased in strengt by the vay. 
the only sign of forced grasping was a_ tendency ah 
within its field of vision. All grasps could be re] sie 
\ta ) viion on October 10, 1932, the left motor area was removed 
Motor power returned sufficiently during the first day so that both right limbs a 
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were used in walking, but were dragged in a circling movement. After this, 
although strength increased somewhat, there was very little improvement 
The right limbs continued to be dragged, and tinely co-ordinated movements 
could never be executed. At rest, the right limbs were as flaccid as the left 
when struggling, there was noticeable hyperextension of the right extr 
\t no time was the animal able to pick up objects with the right hand 
Involuntary grasping, however, reappeared in this hand on the second day 
became very marked on the fourth day, and persisted intil the third « peration 
on tne thirty-first day, although after the first week it was less easily elicited 
A third operation was performed on November 17, 1932, in which the right 
motor cortex was removed. Immediately on coming out of anwsthesia, very 
inarked bilateral forced grasping and paroxysmal groping appeared in response 


to any type of stimulus. When left undisturbed, the animal lay with hyp 


extended extremities usually grasping objects tightly with both nds. Ther 
was marked resistance t ) passive ! inipulatic n whieh w is greater on the left 
than on the right. 

This picture persisted until the animal was sacrificed on the sixth day 
following twenty-four hours of prostration and vomiting \utopsy show: 
intussusception as the cause of these terminal symptoms. All cortical tissu 
interior to the central sulei on both sides had been destroyed. T basal 


i 
li l the tad ; f init 
glia and the thalami presented no sign of Injury 


It is thus evident that when the premotor area is included in the 
frontal lesion the resulting picture differs strikingly from that produced 
by a pure frontal lesion. ‘The most noteworthy additional feature is the 
forced grasping and groping, and we believe this to be a sign of a much 
more profound underlying disturbance, involving difficulty in the 
initiation and slowness of all voluntary movements, perseveration, and 
diminished ability to execute highly skilled movements. The incessant 
activity and restlessness of a pure frontal lesion was also notably lacking 
in the animal just described, as in Jacobsen’s |9) animal ‘T, in which 
the lesion also involved the premotor area. 


The observations on forced grasping are in keeping with Richter and 


h 


Hines’ [15] recent announcement that extirpation of Brodmann’s 


* Area 6” of itself causes involuntary forced grasping. 


ISOLATED REMOVAL OF THE PREMOTOR AREA (IN PART AND 
COMPLETELY 
Richter and Hines [15] report that extirpation of the premotor area 
from one side causes a transient grasp reflex, which becomes greatly 
accentuated on both sides when the area is removed bilaterally. Our 
first observations were carried out on‘a green monkey (Lasiopyga 


1 In Richter and Hines’ preliminary note [15] announcing their discovery that forced 


grasping can be induced experimentally by destruction of the premotor area, they state: ‘It 
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callitrichus, fig. 3a) and a baboon (Papio gelada, fig. 3b), from which 
only the superior part of the premotor area, i.e., only the part opposite 
the foot representation, was destroyed (fig. 3). In these two animals 
forced grasping was not observed in either the foot or the hand at any 


period following the operation. It would thus appear that extirpation 


of the superior part of the premotor area does tt cause forced 


crasping. 

Further observations were green monkey and a baboon, 
from each of which the whole of the premotor area (fig. 4) as defined by 
Brodmann was destroved. Th t in the case the green monkey 


is indicated in the 


— 


protocol 
Al =4 / 
= ~ A \ i 
hat rem id not t f 1 graspin t 
be Lasiopy eallit 
2 } Cli p 
\ well-develo specimen of t common green monkey (1 
was used hic 1 bes nder observation in the laborat fon 
3 f ithatt ! in b ted consister lv by re val of tl premotor a 
ea 6 of Brodmann, the medial as well ast tera irfa down to the level of t ry 
sum It is clear that they should r ve s credit, not only f having first : 
experimentally establ 1 the fact that lesions of the premotor area give rise to forced 
asping, but also for having proved, as is im in the sent é ist ted from t ¥ 
ystract of their communication made at Philadelphia, April 28, 1932, that lesions elsewher i : 
in the frontal lobe fail to give this symptom. Drs. Richter and Hines propose to publis lie. 2 
full details neerning their studies in the near fut Rs 
é 
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Operation (July 18, 1932).—Under sodium-amytal anesthesia (1°2 ¢.c 
intraperitoneally) the entire left cerebral hemisphere was uncovered by re- 
fleeting a large five-sided bone-flap, the superior limits of which extended to 
the right of the midline. The chief markings were traced upon cellophane (fig. 4 
and a careful map was made of the excitable points on the motor area. As 
the animal was lightly anwsthetized the anterior limit of the foot and arm 
areas could be accurately determined and this was taken as the posterior 
boundary of the premotor area. Along the lower limit of the arcuate sulcus 
well-marked extensor movements of the right wrist and fingers were obtained. 
Along the central suleus itself characteristic motor responses were obtained of 
the various muscle-groups on the right side of the body. 

Extirpation of the premotor area was carried out with the n 
Davis-Bovie unit. The posterior margin coincided exactly with th. 
limit of the arcuate sulcus and its arbitrary extension to the midline. The 
cortex was incised to a depth of about 5 mm., the edges being made 
pendicular, and the block of tissue was removed in one piece 
which extended down the medial surface of the hemisphere 7 n 


in fig. 4. Extension of the fingers was obtained 


4 (Experiment The lef 
onstructed from cellophane 
h was entirely removed. 
peration, 


+) 


There had been no bleeding durit tf Se ¢ xtirpat 


was left quite dry, and the dura drawn down ag 


closure 


Post-operative not ( as ( The operation Was com) 
n a m}] 


12.30 p.m., and the animal had begun to recover fi its anzsthesi: 


ia 


hours later, at which time there was inite involuntary grasping of the 

right upper extremity. At 4.30, 1.e., four hours after operation, the grasping 

was well developed and was evoked by lightly stroking the -distal surface of 

the palm. The next day the slightest stimulus applied to the palm evoked 

the response and with it a fairly vigorous flexor contraction which, with the 


flexor response of the digits, was sufficient to support the animal's weight 


indetinitely. The response was always augmented when the animal became 
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inable to release its 


sited and during periods of excitement it seemed quite 
¢ was even more readily evoked than 


grasp. On the third day forced graspin 


on the second. 

M } ey be There was obvious awkwardness in the use of the right upper 
extremity immediately after operation. It could be used for climbing and 
running, but finely skilled movements, e.g., feeding or picking up small objects, 


tirely with the left hand. At rest the extremity assumed a 


wkwardness of the extremities 


shout the post-operative period. The animal 


Marchi studies on the eighteenth day \ report concerning 


ir more detailed accor 


frich ) rec 


I i een ACY a 
pha r g ! tion. The entire motor and prem 
i i i i d hemiplegia and after three days fores 
ba ela nstructed from a 
' g entire motor and premotor area was removed. 
ia and after five days forced graspin 


AREAS SIMULTANEOUSLY. 


an extensive series of observa- 


In our laboratory we have records of 


In 


tions on the results of lesions restricted to the excitable motor area 


an orang, and many chimpanzees, and in 


inonkeys, baboons, gibbons, 
e of them was forced grasping observed, except in a gibbon in which 


none 


was Inadvertently encroached upon in the course of an 


the premotor area 


[t is therefore important to know 


extensive extirpation of the arm area. 
ith the excitable and the premotor areas 


whether a lesion embracing / 


vould cause such a response. Our interest in this problem arose in the 


irst instance in the attempt to ascertain why cortical lesions produced 


semitlexed hemiplegie posture. 
Subsequent Forced grasping an’) 
unatomical findings will be published subsequently in 
the functions of the ntal lobes in primates t 
cenit sulc 
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a flaccid monoplegia while capsular lesions give rise to spasticity, rather 
than as an investigation of forced vrasping. 
We have found that lesions extending from the central sulcus to the 


5a and bh) 


posterior margins of the frontal areas defined above (see fi 
also cause hemiplegia both in monkeys and baboons (Pithecus rhesu 

Lasiopyga callitrichus, Papio gelada) which is less tlaecid in characte: 
than that occurring after lesions restricted to the motor area. In 
addition, forced grasping appears in the monkey after a latency of several 
days. In the baboon forced grasping appeared five to six days after 
removal of the motor and premotor areas (fig. 5)) but in less marked 
form than in the monkey. We have not yet investigated the phenomen 

in the gibbon or chimpanzee. Forced grasping is said to cease in man 
when the true motor area becomes extensively involved, but we are n 

vet in a position to account for the difference between man and monkey 
It may be recalled, however, that a Babinski response does not occur in 


monkeys after a lesion of the motor foot area | 5 


DIscussti 


It seems obvious, as the Vogts (17, |S; have pointed out, that the 
distinction between the motor and premotor areas is to be correlat 
with the disappearance, approximately at the 


precentral sulcus, of the large betz cells which give rise to the larg 


fibres of the pyramidal system. In the agranular premotor area, th: 
large Betz cells are absent, as is excitability for ordinary strengths of 
stimulation. The degenerations from lesions of the premotor aré 


not appear to have been exhaustively studied (see Hines '!8!) and it is 
our intention to make this the subject of a report in the near future 
with a few exceptions all of our experimental material is studied by the 
Marchi method three weeks after operation. 

The fact that complete extirpation of the frontal area leads to 1 
disturbance of posture is in harmony with similarly well-controlle 
observations on human beings, in which extensive resection of the frontal] 
lobe for malignant tumour has failed to cause any postural disturbance 
or motor disability {12}. This definitely precludes, in our opinion, th: 
belief that the frontal areas participate in or are essential for postural 
adjustments. The disturbances following lesions of the premotor area 
are of a different character, and obviously affect the postural mechanisn 
but they do not lead to pronounced hypertonia. The so-called postural 
disturbances associated with frontal lesions in man are undoubtedl\ 
caused by involvement of the premotor area (see | | 
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In conclusion, our observations and those of Richter and Hines [ 15) 
we entirely in harmony with Adie and Critchley’s 1) inferences 
concerning the localizing value of forced grasping when if occurs preco- 
crously and unilaterally. With Buey’s |4] opinion as to the questional le 


localizing value of bilateral forced grasping we concu 


of primates allows subdivision of the anatomical frontal 


boundaries are defined above. The present communication describes 
brietly the effects on posture and on the production of the phenomenon 
if forced grasping, of sharply circumscribed anatomical lesions of thes« 
three areas separately and in various combinations (monkeys and 
baboons Ou nclusions are as follows 

1) Simultaneous bilateral destruction of the true frontal area in the 
monkey has no etfect on posture, i.e., does not give rise to hyperton 
und does not cause forced grasping or retardation in motor adjustments et 
‘ perseveration It does cause a characteristic syndrome, h 
ver, marked by greatly increased spontaneous motor tivity with al 
ssoclate 1ugmentation of appetit 

2) Simultaneous bilateral extirpation of both frontal areas togethe: 
with the premot ireas causes forced graspin perseveration, slowness 
in initiating responses, but no hypertonia, and the postural disturbances 


perseveration and forced grasping and groping 
(3) Lesions restricted to the excitable motor area cause flaccid pares 
thout forced grasping in all primates ve the lemurs 
1) Simultaneous extirpation of the motor and premot reas causes 
. less flaccid paresis with the appearance, after an interval, of forced 
rasping (monkeys 
5) Richter and Hines have shown that isolated destruction of the 
whole premotor area on one side causes forced grasping on th 
ypposite side in Pithecus (macacus) rhesus, This observation has been 


nfirmed by us in another species of monkey, Lasiopyga callitrichu 


1\ i 
Analysis of the localization of function in the cerebral hemispheres 
i.e., the 
urea anterior to the central sulcus, into three parts 1) the true frontal 
urea ; (2) the premotor area: and (3) the motor area. The anatomical . 
which result are primarily those associated with the phenomena of 
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SYPHILIS OF THE NERVOUS SYSTEM IN THE 
SUDANESE. 


bY T. F. HEWER. 


Iv is well known that there are some striking differences between the 
manifestations of syphilis in certain natives of tropical countries and 
those seen in Western Europeans; outstanding among these are the 
presence of florid skin lesions and the rarity of general paralysis and 
tabes dorsalis. Many theories have been advanced to account for these 
differences, and prolonged controversy surrounds each of them; as 
instances one inay mention the question of dermotropic and neurotropic 
viruses, the presence of endemic malaria, the absence of civilization 
ind its accompanying mental strain, the length of time since the 
introduction of the disease in the community, and differences in 
treatment. 

In the literature on the incidence of neuro-syphilis in the tropics 
there is lamentably little on which one can rely; local conditions are 
such that complete investigations can seldom be carried out, and 
diagnoses are frequently made on insufficient evidence. Lacapére | 1 
has recorded 5,000 syph litics in Morocco in whom he only saw a few 
‘ases of meningitis, five cranial nerve palsies, and twenty-two cases 
f paraplegia; he also quotes Decrop as seeing only two cases of 
general paralysis and two of tabes in 84,000 syphilitics examined between 
the years 1925 and 1930. MKRaynaud and others {2! examined the 
cerebrospinal fluids of 524 natives of Algiers, but as they considered 
either a raised pressure or cells over 1°3 per cubic millimetre as indica- 
tions of abnormality, their figures cannot be accepted. Webb and 
Holliday |5| made a survey of nearly 8,000 Bantus of the Buganda 
tribe, all suffering from syphilis in different stages, and among 
these they found eighty-three with clinical signs of neuro-syphilis, 
including cramial nerve palsies, paraplegia, neuritis, myelitis, optic 
neuritis and atrophy, Charcot’s joints, paresis (by which they do not 
appear to mean gens ral paralysis) and one case that was suspected of 


tabes. 
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An interesting form of syphilis occurring in the Bedouin Arabs of 
the Syrian desert has been described by Hudson 4], who noted the 
absence of general paresis or tabes; the condition is characterized by 
its occurrence in childhood without any noticeable primary lesion, its 
acute course, and apparent absence of any late manifestations other 
than cutaneous or mucous ulcerations and gummatous bone lesions; it 
seems that the acute stage may be regarded almost as one of the 
exanthemata of childhood. A very similar form of the disease exists i 
parts of Abyssinia |5|, where it is estimated that 40 per cent. of the 
population are infected, and there is even a custom whereby infants are 
purposely exposed to infection, presumably that they may acquire 
immunity and be more suitable for marriage at a later age. 

Apart from general clinical observations, there do not appear to b 
any reliable figures to show the frequency of invasion of the nervous 
system, as gauged by a routine neurological and cerebrospinal fluid 
examination, in natives of the tropics. In view of this it was thought 
worth while to study a series of 400 syphilitic Sudanese 

Material—-The 400 cases in this survey were natives of the Sudan 
(excluding Egyptians or those with any admixture of foreign blood 
suffering from syphilis in any stage of the disease. As far as possil 
they were examined before treatment had been instituted, but as the 
amount of treatment they received was never more than a few injections 
of N.A.B. at irregular intervals, the whole series might be considered 
untreated; in point of fact 186 had treatment at some time, but 
In most cases it consisted of one injection of N.A.B. at the onset, and 
possibly a few doses of mercury, after which the patient considered 
himself cured and did not return to hospital. The average namber of 
injections of N.A.B. was about two per patient 

An effort was made to get a truly representative series, without pre 
dilection for those with nervous diseases. The cases included most of 
the svphilitics attending the Khartoum Civil Hospital between August, 
1931, and March, 1932, a number of native soldiers in the Sudan 
Defence Force and prisoners in the Khartoum prison whose blood was 
found on routine examination to be lKahn-positive, and syphilitics 
group in the far South 


visited in other parts of the Sudan, including a 
where syphilis had been only recently introduced 

In addition, all the lunatics in Khartoum were investigated, even 
though their blood-sera were Kahn-negative; they comprised some 
thirty individuals suffering from dementia, religious mania, and various 
forms of confusional insanity, but in no single instance was there any 
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suggestion that syphilis was the causative agent. Only such lunatics as 
were definitely a danger to themselves or to others were kept under 


control in the Sudan, but one would expect such a group to include 


some with general paralysis if it were prevalent. 
There is a great preponderance of male patients in this series (83 


er cent.) ; 1f is always more difficult to persuade the women to attend 


The population of the Northern Sudan is very mixed, so that the 


present survey includes Arabs, Nilotic tribes, negroes and many whose 


The climate in the north is very hot and dry but, as the population 

s largely concentrated along the banks of the Nile, malaria is very 

mmon; in fact a recent estimate of the splenic index in some of the 
villages north of Khartoum showed a figure of over 60 per cent. 

Alcohol is not generally used by the natives, but in Khartoum and 


()mdurman there is a certain amount of drinking ; the favourite spirit 


The incidence of syphilis in the Sudan may be judged from the fact 

that the blood of 420 prisoners, apparently in good health, showed in 
| per cent. a positive NKkahn reaction 

Florid secondary lesions of the skin and mucous membranes ar¢ 


ilmost the rule in untreated cases, and soon merge into the tertiary 


forms, so that it is often difficult to distinguish between a fresh infection 
ind one of many years standing. ‘Those who receive the usual one or 
two injections of N.A.b. at an early stage very frequently suffer from 


most severe recurrences a few months later, and Herxheimer reactions 
treatment. VPains in bones and 
perlostitis are amongst the commonest tertiary manifestations, after 

uco-cutaneous lesions, but cardio-vascular syphilis (aneurysms and the 

‘e) Is not uncommon, Congenital syphilis is surprisingly rare; one 
sees young infants covered with sores, which readily clear upon treat- 
ment, but the congenital disease, in the forms that one recognizes in 


Kurope, is conspicuously absent; after the early cutaneous lesions there 


seems to be a latent period of some years, and after this gummata or 
ich tertiary manifestations as periostitis or ulcerations of the palate 
may appear. This mild and delayed development of the congenitally 
icquired disease has been remarked by Niigelsbach {5} in Abyssinia, by 
Hermans |6| in the Dutch East Indies, and by Ferrucio |7| in Somalia. 
Method of clinical eramination.—In each case the name, age, sex 
ind tribe of the patient was noted, together with details of the history 


‘ 
hospital. 
incestry embraces all of these tribes. 
is one distilled locally. bas 
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of the disease, its present manifestations and the treatment received 
Where a chancre was present diagnosis was confirmed by dark-ground 
examination for spirochetes, and in every case the Kahn test was done 
on the blood-serum. Details were also noted of the history of malaria 
in case this should be found to have any bearing on the neurological 
findings. 

A routine investivation of the cranial nerves, including ophthalmo- 
scopic examination of the fundi, was made, and the power and co-ordina- 
tion of the limbs, the tendon reflexes and abdominal cutaneous responses 
were noted. 

In passing, it is interesting to remark that the patellar tendon-jer! 
is very difficult to elicit in these people after childhood; this is s 
constant that one has to consider a response that would in England 
be taken for normal as distinctly exaggerated. (1 attribute it to the 
habit of squatting and its attendant stretching of the anterior crural 
group of muscles.) Further, as a result of walking bare-foot, thx 


antar response can seldom be obtained Examination of the sensory 
} 


system was made only when there was any reason to suspect a lesion 
In every case where any abnormality was discovered a complete exan 
nation of sensation was carried out 

Method of examination of the cerebrospinal fluid.—Lumbar punctur 


was always performed with a fine needle, the patient lying on his sid 
with the head on the same level as the spine. In each case, except 
infants where the result would be valueless, the tension of the flu 


~ 


was estimated with a manometer, great care being 
that the patient was not straining; the method employed has beer 
described fully elsewhere 8; pressures over 20 cin. of fluid wer 
considered abnormal. Within a few hours of obtaining the fiuid its 
examination in the laboratory was begun. 

The cell-count was done on a Fuchs-lRosenthal slide with the fluid 
previously stained with a 0°5 per cent. solution of brilliant cresyl-blue, 
by adding one drop of the stain to ten of fluid and agitating the tul 
thoroughly so as to ensure uniform distribution of the cells. A count 
of over 3 cells per cubic millimetre was considered abnormal and was 
held to constitute a pathological fluid. 

A differential count of the cells was made by taking up the deposit 
with a fine pipette after centrifuging 3 c.c. of fluid at high speed 
staining it with a drop of Unna-Pappenheim’s methyl-green-pyronin 
stain and examining it as a wet preparation under a cover-slip 
Where there was a high cell-count the slide was examined with 
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the dark-ground illumination for spirochetes, but in no instance 
were any discovered. The cells recognized in doing the differential 
count were large and small lymphocytes (grouped together), poly- 
morphonuclear leucocytes, large mononuclear cells (some with, and 
some without phagocyted granules in their cytoplasm) and plasma cells 
The results of the differential counts were not of very much importance 
from the point of view of the present investigation, because whenever 
ibnormal cells were found the cell-count was also raised. 

The total protein was estimated by Mestrezat’s diaphanometric 
method anda reading of over 30 mg. per cent. was considered abnormal, 
though in the absence of any other abnormality a reading of over 


per cent. was required before the fluid was regarded as 


Pandy’s globulin test was performed ; avery faint haziness was not 
considered abnormal. 

The Kahn test was done on 3 c.c. of fluid concentrated in the usual 
manner with ammonium sulphate 

luange’s colloidal gold test was carried out in each case. The gold 
was prepared in the laboratory and titrated with oxyhamoglobin by the 


method described by Patterson |{)| ; in this way very satisfactory results 


lhe cell-counts and the protein and globulin estimations were always 
carried out within a few hours of taking the fluid, and the Kahn and gold 
tests were always done within four days, the fluid being kept on ice in 
the interval. The only exception to the last condition being that of the 
vases at Yei, on the Belgian Congo frontier, as the fluids were brought 
to Khartoum in two days by air; but the cell and protein estimations 
were performed at Yel. 

Fluids contaminated with blood were always discarded. 

Grouping of cases For the purpose of comparison with available 
European figures the cases were grouped as follows: 

1) Chanere, no secondary lesions, blood-serum Kahn-negative 
2) Chancre, no secondary lesions, blood-serum WKahn-positive 
condary, with lesions of skin or mucous membranes; history 
ess than six months 

!) Cases with lesions of skin or mucous Tembranes ; duration of 
infection, six months to two years. 
(5) Latent tertiary, with no clinical lesions but Kahn positive ; 
history over one vear. 

(6) Active tertiary, witb lesions of skin or mucous membranes; 


history over two years 


pal hological 
were obtained 
| 
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(7) Active tertiary, with gummata or visceral syphilis ; history over 
two vears. 

(8) Congenital cases. 

(9) With clinical signs of involvement of the nervous system. 

(10) A group from Yei, in the Bahr-el-Ghazal Province. 

Group 1.—Sero-negative primary. No nervous signs. Five cases: 
2 with pathological fluids, 1 having increased cells and protein, and 
the other increased protein only; no hypertension. 

Group 2.—Sero-positive primary. No nervous signs. Thirty-tw 


cases; 12 with pathological fluids 47°5 per cent.), 9 having increased 


protein, 5 increased cells, 2 positive Pandy, | positive Kahn, and 1 a 
luetic gold curve without any other change; no hypertension 
Grroup Secondary, with skin les ons, less than si months 


history ; no nervous signs; sero-positive. Thirty-three cases; 14 with 
patholovical fluids = 42°4 per cent.), 12 havin nereased cells, 7 


increased protein, 4 positive Pandy, 1 positive Kahn, | a weak gold 


curve ; no hypertension. 


Group 4.—Lesions of skin or mucous membranes; history, si 
months to one year; no nervous signs; sero-positive. ‘Twenty cas« 
7 with pathological fluids ( per cent having increased protei 
} increased cells, 2 positive Pandy, 2 positive Kahn None witl 


positive gold curve or hypertension 


Group 5.—Latent tertiary: history over one vear; no nervou 

signs: sero-positive. One hundred and seventy-two cases { tl 
= A 

pathological fluids (21 per cent,), 25 having increased protein, 20 


increased cells, 16 positive Pandy, 7 positive Kahn, 5 positive ld 
curves, and 1 with hypertension and positive Kahn. 

Gioup 6—Active tertiary, with lesions of skin or mucous mem 
branes; history over two years; no nervous signs. ‘Thirty-three cases; 
12 with pathological fluids 36°60 per cent.), 9 having increased 
protein, 5 increased cells, 5 positive Pandy, 2 positive Kahn, 2 positive 
old curves, and 1 with hypertension in addition to other abnormalities 

Group 7.—Active tertiary, with gummata or visceral sy . 
over two years; no nervous signs. Thirty cases; 14 with pathological 
tluids (46°6 per cent.), 10 having increased protein, 4 increased cells, 


} positive Pandy, 3 positive Kahn, 3 positive gold curve and 1 hyper- 
tension (due, undoubtedly, to congestive heart failure, but associated 
with pleocytosis, increased protein and a weak paretic curve) 


If one takes Groups 6 and 7 together, one has 63 cases of active 


tertiary syphilis, and of these 26 (41°3 per cent.) have pathological 
fluids. 
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Group 8.—Congenital. Seven under 2 years of age, without nervous 

signs, of whom 4 (57 per cent.) had pathological fluids, one with oniy 
34 cells, having 5 per cent. of plasma cells in the differential count. 

Nine between the ages of 11 and 20 years, of whom 1 had a third 


nerve palsy, with a normal fluid, and one had hypertension with a 

protein of 45 mg. per cent.; 5 others had positive fluids, making a 

total of 44 per cent. for this age-period. 

clinical neuro-syphilis. Twenty-seven cases, that is 
100 in the series, of whom 20 (74 per cent.) had 

positive in the blood-serum. 
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G p LO Cases from Yei, inthe Bahr-el-Ghazal Province, where 
philis has o1 recently been introduced. 
Lhe ibject this investigation were members of some negro 
tribes on the border of the Belgian Congo. Yaws used to be very 
prevalent in the neighbourhood, but its place is now being taken by 


The series includes twenty with large crusted circinate or rupia-like 


skin lesions, mucous patches and condylomata of less than six months’ 


history; of these three had pathological fluids (15 per cent.) but 
signs of nervous involvement ive cases had 


no 


gummatous ulcers of 


I 


) 
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six months’ to two years’ duration, including one (20 per cent.) with a 


pathological fluid, and one of the three tertiary cases of about five 


years’ duration had a positive fluid, all without any neurological signs. 
Among the twenty of less than six months’ duration were 

children, between the ages of IS months 

apparently been infected by contact wi 

same way as those reported by Hudson 

of 4 months was said be congenitall 

crusted sores: 


incidence of pa 
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* 
The Si thological tluids and of ne logical signs can 
Se ais best be appreciated by presenting the figures in the form of a graph 
| =) i 
P he fig. 1), showing the case percentages for different pe is in the eourse 
of the disease. his estimate does not inelude the eroup of ca s fro) 
we Aa Yei. It will be seen that the curve for pathological tluids shows a hig] 
peak In the secondary stage, as one would ex) t, and then fo 
on period of four or five vears, till the tertiary manifestations beg to b 
evident Vhe irre Oular form of the cury for me 
the first four months s due to paucil ol es: the Ze ent 
ne nth? resent > 
one rep Ole ise on 
In con paring these naine ith t se re euro) 
eee America, among white races, one has to exe : cure t rta 
that the Siilite The irs es | raves 
Riosen | 10) 1s not admissible for mpal n e thi nelude in the 
neures a considerable ntiimvel i pa ents \\ KN Vn tot 
Se. ae svphilitics and were referred to the authors by other pra net th 
ee oh invalidates their tigures as far as tl ive held to 1 esel un mia 
of the nervous tesions in the svp! t populatiol 
I 
t 
lary . 
2 a ha signs and serve as an indication of general involvement 
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The reports of twenty-one different authors | 11-29] have been care- 

fully selected and their figures in some instances slightly revised, where 

ury data were given, so as to reduce them all to approximately 

the same standards as are used in the present work. The averages 

calculated from the total figures for each group are recorded in the first 
column of T: I for comparison with the Sudanese figures 

ncidence cf clinical neuro-syphilitic attections are 

rs that gross disease occurs in 

presumably he means when they are 

f{ the nervous system 

Mattauschek and 

rs found 


cent. tabes and 3°2 per cent 


f 10°7 per cent 
is in the 


include only 


degenera- 


type 


1, and 


ons of 
In the present series there are seven 


ivelitis giving rise to paraplegia ; 


meningitis; a variety of vasculat 


one whic 


and meningitic lesions, including one Herxheimer reaction ; and only one 


of primary neuronic degeneration, a case of optic atrophy, as opposed to 


a gummatous or definitely inflammatory lesion. hese observations are 


borne out by the experiences of other medical men in the Sudan, and 


they are paralleled by the findings of Webb and Holliday in Buganda. 


> 


i 
cerebrospinal sv} i. total incidence o : 
The twenty-sevel Cases With cl n “al 
present surve f the Sudanese (6°75 per cent. of the total) im 
on e that n bly be considered a primary neurone = 
tior ill the others are of the vascular or inflammatory gy, so it 
ippears that the incidence of cerebrospinal syphilis, as distinct from the 
para-svphilitic degenerative lesions, is rather higher than in Kurop vi 
ID One would hesitate to suggest that the tindine of a 
hivher n lence f cerebrospinal tluid changes in the early stages of ; 
V} ; in tl Sudanese means that their central nervous systems are 
more often invaded than are those of white races, for if obvious that 
such changes are onlv an indication of meningeal intlamiatior a it 
is quite possible for rochwtes to lodge in the brain without provoking a 
such n nae s wl yestion of the reaction provoked 
infection that I supren 1h} rtance in the present discussion 
It will be seen that after the period of secondary invasion the n s 
cidence of changes in the cerebrospinal fluid sinks to the level obtainin: 4 
in white races, and that in the latent tertiary phase it is even lowe1 ’ 
The nature of the lesions which 
+ ] + + 
disease 1s particularly interestins 
4 


546 ORIGINAL ARTICLES AND CLINICAL CASES 


It becomes evident that the florid reaction to infection in the skin is 
not the only feature which distinguishes the disease in these people; a 
precisely similar response is provoked in the nervous system. 

It has been sugvested by Arzt and Fuhs among others, that there 
may be an antagonism between cutaneous lesions and disease of th 
central nervous system, but cutaneous lesions evidently do not prevent 
a meningeal reaction in the secondary stage, and it is much more 
reasonable to visualize a rather exaggerated cellular response throughout 
the whole body than to suppose that the brunt of the invasion is borne 
by the skin. 

The relatively high incidence of nervous lesions (6°75 per cent.) 
occurring in this series makes it impossible to explain the absence of 
para-syphilitic degenerations as being a result of shielding of the nervous 
system from invasion ; it can only be due toa difference in cell immunity. 
Inasmuch as such an immunity may be acquired while the secondary 
skin lesions are in evidence, one is justified in postulating some 
relationship between these two phenomena 

When one reviews the history of the progress of syphilis in Europ 
one is struck by the changes which have taken place in its manifesta- 
tions since the days when it was known as the “great pox.” In 
ngland to-day skin lesions and gummatous diseases of the nervous 
system are far less common, but general paralysis and tabes have arisen 
to take their place. Kanner |31) says that general paralysis did not 


appear in Europe till 1670, some 170 years after the supposed introduc- 


tion of syphilis. It seems that general paralysis is now cccurring mort 
frequently than hitherto in the negroes of the United States (Foste: 
[32)) and that in some districts the incidence in the asylums is 
considerably higher among the coloured than among the whit 


admissions. In Japan it seems that general paralysis has been greatly 
on the increase during the past thirty years Kanner considers that 
syphilis runs a definite course in a community, starting with an 
inflammatory phase as evidenced by gummatous lesions, which gradually 
dwindles in intensity while a degenerative or para-syphilitic phase takes 
its place; he goes further than this and quotes the extreme rarity of 
general paralysis among the North American Indians as representing a 
still later phase where almost complete immunity has been achieved by 
the race. If that notion of the evolution of the disease in a comn unity 
be correct, one would expect to find during the next ten or twenty vears 
a decline in the incidence of para-syphilitic affections in Lurope, but, 


unhappily, should this occur the credit would undoubtedly be claimed 


by those who organized anti-syphilitic treatment. 
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The importance of the part played by endemic malaria in preventing 
general paralysis has been lessened by the discovery (Niigelsbach) that 
in the mountainous districts of Western Abyssinia, where malaria is 
unknown, syphilis behaves just as it does in the Sudan and para- 
syphilitic lesions do not occur; further, there is now considerable 
evidence that the coincidence of malaria with syphilitic infection does 
not protect the subject from subsequent general paralysis; Mandl and 
Puntigam |3:5| quote sixteen cases from the literature where general 
paralysis or tabes have occurred in patients who had spontaneous malaria 
at various periods after their primary syphilitic infection, and report a 
further four cases of general paralysis, two of taboparesis, and nine of 
tabes similarly occurring: parallel instances are reported by Gougerot 
34, Richter (35), and Schwartz | 36 That malaria may modify the 
course of a syphilitic infection, even apart from its acknowledged effect 
when used therapeutically in general paralysis, cannot be denied; there 
are now many records of gummatous lesions appearing during malarial 
treatment and Wilson |37_ has described a series of brains of persons 
’ ch treatment in whom changes of a proliferative inflamma- 
tory nature had appeared instead of the milder neuronic degeneration 
that is held responsil e for general paralysis The belief that a 
neurotropic strain of the spirochete exists, or that the ill-effects of 
civilization upon the nerve-cells are etiological factors in the production 
of general paralysis is too controversial a matter to discuss here, but 
neither seems to have much evidence to support it 

It would seem most satisfactory to explain the absence of para- 
syphilitic affections in the Sudanese as a result of an actual cell immunity 
acquired in the early stages of the disease. ‘The exaggerated reaction 
which is accountable for the skin lesions may be considered, in part at 
any rate, as an allergic phenomenon. In tuberculosis, allergy is held 
responsible for many of the more spectacular cellular reactions, and it 
seems fair to make a comparison in the case of syphilis. The relation 


between the achievement of an allergic state and the presence of 


immunity in syphilis is a matter that requires much investigation. 
Particularly, as in tuberculosis, is it important to determine whether 
allergy is essential to immunity: upon the answer to that question 
depends the whole controversy on the subject of early intensive anti- 


syphilitic treatment 


The results of a neurological survey of 400 syphilitic Sudanese is 
reported. Koutine examination of the cerebrospinal fluid showed a 


high incidence of abnormality. Clinical nervous disease was present in 


¥ 
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SUMMARY. 


448 ORIGINAL ARTICLES AND CLINICAL CASES 


6°75 per cent.; it consisted of gummatous or vascular lesions in most 
cases, and there was only one that was possibly a primary optic atrophy. 

In the discussion it is suggested that the absence of para-syphilitic 
infections is due to an acquired cell immunity, associated with an allergic 
state, and the occurrence of such a reaction is interpreted as a stage in 
the development of syphilis in the community. 

I am deeply indebted to Dr. R. M. Humphreys and Mr. C. Grantham 
Hill, of the Khartoum Civil Hospital, to Mr. F.S. Mayne, of Omdurman 
Civil Hospital, and to other members of the Sudan Medical Service for 


their kind co-operation and assistance. 
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and human material, has shown the 
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encephalographic studies, one of the most notable of which is that of 
bielschowsky | 4 

Trotter |34 considers that unresolved contusion of the brain is the 
cause of most post-concussional symptoms, and emphasizes — the 
importance of applying the present-day knowledge of intracranial 
physiology towards reducing any cerebral «edema which may be present, 


and in this way allowing the contused areas to recover. 


l’rom the neurological point of view, however, the clinical study of 


head injury has received relatively little attention, and offers a wid 
field for investigation 
\) \ ( Mati 
The following tables show the age and sex incidence of the cases, and 


classifies them according to the cause of the injury 


In this and all subsequent tables, the figures represent the numben 


of cases, unless otherwise stated 
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ume difficulty. In the first place, cases are often 


‘lassified accordi damage to the skull. By a second method 
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I Re HE T F 1 ACCIDENT 
Over 70 ,, 
‘ 
\nalvsis of these three tables brings out the following facts 
1) The incidence of head injury reaches its maxinun 7777! 
ages of 20 and 30 vears d 
2) The large number of cases occurring at this period is principally : 
iccounted for by motor evcle accidents 
+) At all age-periods up to the age of 70, the incidence among 
males is much greater than that among females This is due to the 
fact that the motor cycle and pedal cycle accidents are =i’ 
contined to males, a ilso are the industrial accidents The latter are “et 
mostly classified as being due to a “ fall” or to some “other cause ”’ f 
(Table I] 
{) Apart from the injuries due to motor car collisions, of which 
there are very few in the series, the only type of accident in 7i//! 
female incidence is as great as the male is that in which the xxx cate 
due to the patient having been knocked down in the street. a 
5) The incidence in childre 
creat in males as in females = 
almost entirely to falls, or to 
street (Table the prepond 
ereater development of an adver 
occurrence of the acd 
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an attempt is made to classify the damage to the brain as well as to the 
skull. This method of classification is used by Bagley | | 

A method such as this is of little use from the clinical point of view 
Many cases would fall into several of the groups, and many of the 
groups have reference rather to post-mortem findings than to clinical 
observations. 

It is generally admitted that the degree of damage to the skull gives 


no definite indication of the degree of damage to the brain. It appears 


therefore, desirable to adopt a classification which will provide an 
indication of the degree of damage to the brain as well to the skull 
The only w to achieve this is to classify each cas ler tw eadit 
1) The damage to the skull 2) the damage to t n 

The rst of these will not be considered her: 5 it nainly a 


re ils ey reborail 
lamave which it is possible to diagnose curate ring lite \s 
be sn n later, the hol a brain lers In severe fhe I ) ries 
ind it seems to be more satisfacton » refer clin the degree of 
cerebral i n general te. i as slight, moderate severe 
except in thos ises In WI ross signs, s h plegia, ind t 
that one part of the | n has suttered « ssivel 
As Symonds | 32) s iwoeste 1, furat // 
has been used in the present series the indication of the degree of 
cerebral injury While this seems to be the most useful method t 
follow, it does not always provide an accurate estimate f the eores 
of cerebral damage. It must be borne in mind, for example, that the 
duration of uncons isness may | ncreased by the superventio f a 
complication, such as hemorrha hich is not n ssarily dependent 


In using this classification, it is necessary to consider what are t 
be accepted as the criteria for full return of consciousness. The usual 


stages of recovery are somewhat simul 


j 


the duration of the stages of recovery varies greatly. They may nov 
be conveniently described. 

Stages of recovery.—Immediately after the blow the whole of the 
nervous system may be paralysed; even the respiratory and cardiac 
movements may cease. If recovery is to occur, the heart and respira- 
tion recommence. Involuntary movements of the limbs then occur, 
and the reflexes return. Speech returns with a few words or phrases 


and movements become more purposeful. Up to this stage it is mainly 
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lioloole | | 
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the lower mechanisms of the brain that are recovering, and the similarity 
between cases is great. ‘The higher cerebral functions, however, differ 
in every individual, and the stages of recovery of these functions produce 
widely different clinical pictures. The mental condition may simulate 
any of the states seen in alcoholic poisoning ; in both conditions the 


clinical picture probably depends on the individual psychological 


structure and balane Thus the patient may be drowsy or talkative, 
locile or aggressive, impudent or irritable. He is never reserved ; he 
may tell u his secrets, may be boastful or affectionate, and may even 
ttempt to bribe |] ttendants to let him out of bed 

Then, comparatively suddenly, he looks round and asks where he is. 


He has now recovered full consciousness and returns to his normal 


I iviour and trea t se who are king after him with the customary 
Phe noe ndicate that the higher functions « ntrol 
nd inhil ! call en charge of his behaviou 

t rst to | ed in lic } nine and are the last to recover 
ft é ! I} presumably constitute the most sensitive 

mechanisn ! I he taves of re very may be traced not 

t i but also in those in which the individual 
n I I minute niy 

It niet cult to determine at hat stage cot isness 

I etul na naeeda n evere Case the ndividual 
nevel nat t rl it the sai mental proce es aS were Os ible 
bef tl L¢ In thi ries, the patient was not considered to 
\ vel ap con isness nie he was fully rientated and 
nswe s intelligently He should, for example, be abl 
to a i earl what he last remembered before the accident and 
nat he first red iter it I'he Vict of in ( ient n be 


nemory of his word r actions This is a familiar state of affairs; as 
for example, when a football player is able to continue the game after a 
head injury and subsequently have no recollection of it This failure to 

mimit his actions to memory would indicate, according to the scheme 
here used, that he had not recovered consciousness in full. Such a 
patient may answer simple inquiries not unnaturally and yet be found 
yn cross-examination to be disorientated as regards time and place. It 
is, therefore, apparent that the evidence of untrained observers as to 
chen full Consciousness returns is Of little value How then can this 
duration of unconsciousness be estimated? In the state of full con- 


sciousness any occurrence in which the patient is actively or passively 


2 

ible to move and even to talk sensibly and yet have no subsequent ; 
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concerned makes an impression on the memory, and can be subsequently 
called to mind. It has accordingly been found that the patient’s sub- 
sequent memory of when he woke up provides a not inaccurate indica- 
tion of when consciousness returned. By this indication, the duration 
of loss of consciousness can be estimated with fair accuracy even when 


the patient is seen for the first time long after the accident 


of Cases according Durat Loss ‘ 


} 


I'he cases of the series have been divided as follows 


G \ ha 

( rom 1 24 1 
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The different groups A, 3, C and D, are repeatedly referre 


throughout the text, without further e planation. 
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Table 1V shows that, after the age of 40, the percentage of fata 
results rises greatly, and correspondingly the number of cases in 
Group C becomes proportionately much less than in the earlier years 


This probably indicates that as age advances the individual becomes 


explanation is supported by the fact, as will be shown later, that full 
recovery of cerebral function after a head injury is much less likely t 
occur in the old than in the young. 
The mortality rate of the series is 8 per cent., but cases which died 
within twenty-four hours of admission are not included in the series. 
Fracture of the skull.—The following table (Table V) gives the 


r 
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I\ Tat 4 ION \ 
: ( R Day I } I I 
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j 
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* 
rey 
a progressively less able to withstand the effects of severe injury, and th 
A 


proportion of cases in each group which showed evidence of fracture of 
the skull The evidence was considered certain when the fracture was 
clearly shown either on X-ray examination, or at operation or at the 


post-mortem examination. 


the skull, the proportion is much higher in Group C and D (89 per 


‘ent.) than in the less severely injured cases of Groups A and 1 (24 and 


per cent. re | 

(‘Uses / fher part re also present, Injuries to 
ther parts were present in sixty-three cases. Such injuries may divert 
ttention from slight concussion, and a proportion of these cases are 


yund to be issified in hospital records without reference to a head 


njury, although the iatter had been of sufficient severity to cause loss 
if consciousnes If, after an accident, the victim does not remember 
the details of how it happened, up to and including the moment in 
vhich he was injured, it is probable that he has suffered from concussion, 


ind careful inquiry of the first thing he remembered after the accident 


often show that consciousness was lost for a few minutes. It is a 


matter of im] that the possibility of head injury in such cases 
I OV ( ed 
Temperature, pu md respirat .—Inmediately following a severe 


nyury both re spiratory movement a 1d heart action may cease. Where 
recovery occurs re spiration recommences, but often remains feeble and 
shallow espe rally where shock 1S marked, The pulse 1S also feeble 
feature of severe head injury, and 
during this stage the temperature is subnormal. 

As recovery progresses, the temperature rises, the pulse becomes 


respirations deeper. In the more severe cases the 
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temperature rises a degree or two above normal and the pulse wave 
becomes forceful—the so-called hard pulse. Thereafter, in most cases 
the temperature, pulse and respiration return to normal in the course 
of a few days. 

Some points of importance emerge from a study of the temperature, 
pulse and respiration charts In attempting to draw conclusions from 
the clinical charts, I have excluded those belonging to cases in whicl 
there were either injuries to other parts of the body or gross laceration 
of the scalp 

Charts of cases in Group A.—Of forty-six cases in Group A whicl 
were suitable for study, twenty-one showed no temperature record 


above Yat IF. In the remainder, the temperature on on r more 


six cases was the temperature above normal on adm yn In th 
remaining nineteen cases the rise occurred from twelve to twenty-four 
hours after the accident, the first temperature records taken bein 
subnormal 

In only ten cases out of the forty- was there anv abnormality i 
the pulse-rate at any time after admission. In these ten the rate 
increased during the first or second day, but the increase in rate w 
rarely above 15 per cent. of what was later seen to be the normal f 
that individual 

Charts of cases in Group B.—Twenty-two ca n Group Db wer 


suitable for study In nine of these no temperature record ab 


normality was found In the remainder the records were, on tl 
average, a little higher than n Group \. but never abovyv 1L00°2° FF As 
in Gronp A, the temperature was usually subnormal on adn n al 
rose during the ensuing twenty-four hours \ definite 2 n pulse-rate 
Was apparent in all except three of the twenty-two cases It was. as 
rule, associated with a rise of temperature, but in some cases th pul 
rate was highest on admission when the temperature wa Ww and 
shock was present. \ slight increase in the rate of respiration (10 1 
20 per cent.) was present in twelve cases during the first day or tw 
days 

Charts of cases in Group ¢ Thirty cases in this croup were suit 


able for study. In only two of these did the temperature remain belo 
98°4° F. In nineteen the temperature did not exceed 100° F., but in 
nine temperatures between 100° F. and LOIS? F. were recorded. As 
was the case in Groups A and B, the temperature was usually subnormal 


on admission. In this group, however, the readings did not, as a rule, 


occasions rose above this level, but in no case above I In onl 
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return to normal within forty-eight hours, as was usually the case in 
Groups A and 13, but often continued high for several days 

While, as in the other groups, a degree of acceleration of the pulse- 
rate may be present, there is in many cases in this group some slowing 


of the pulse-rate during the first ten days. This is probably due to the 


development of increased intracranial pressure A slight increase in 


the respiratory rate (10 to 30 per cent.) was recorded in twenty of the 


If the pulse-rate during the last few days in hospital be taken a 
normal for the individual, the patients in this 
low pulse-rates at some period during the first ten days of their illness 
Only eleven of the thirty cases failed to show this feature, and in those 


in Which it was present the pul e-rate was olten SU to 40 per cent 


| f fatal cases 1s of special interest Ven of these were suitabl 
for investigatior \s t mortality much high n the older age 
periods thar t] ounver, there are relatively fewer of the older case 

nG » is rvived inyu { the irred | 
th Sin that eg! 

The striki tu n the charts of Group D the progressive 
incre in pu te ; the s no stage of reaction with a hard s 
pulse On tl nti the pulse ine) teadily in rate and becom 
! el | n tt | rial rite il »Increa ~ 
In 1 t cuses t tion f t nitial sh sufficient for the 
t t { nd d h ma r with hyperther: In som 

vel temper re never ris ve normal 

In cases | the f 30 it was found that, if the initial s] 

s survived I ent four ll death oecurred inless soe 
n, as} supervene 

The « lition of the pul therefore an important prog tic gu 
\ s| n 1 ! n f the pu ive nay | velcomed in seve} 
cases, but a tenden f the pulse to b me progressively more rapid 


There is no evidence from the study of these charts that increased 
intracranial pressure contributed to a fatal issu The rapl 1 and feeble 


pulse is ‘quite unhke that which occurs in conditions of increased 


pressure. Immediate and delayed shock seems to play a part in the 
fatal result in these cases as in cases of severe injury to other parts of 


the body. 


thirty cases 
below the normal, that 1s to sav, a pulse-rate of 50 would occur in an " 
ndividual wit normal rate of St 
| 
ind feeble is a sign of grave prognostic significance 
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ANALYSIS OF SYMPTOMS AND SIGNS IN HEAD INJURY 


1 the following analysis it will be noted that in some of the cases 


there is no record of certain of the symptoms and signs which are 
studied. ‘The omission of any record of certain svmptoms was du 
usually either to an abnormal mental state of the patient, or to the 
patient being a young child unable to answer questions. The most 
frequent reason for the omission of notes regarding certain signs was the 
presence of injuries to other parts of the body. For example, a fracture 
the lower extremity often prevented examination of the reflexes 

Headache The following table compares the degree of headache 


lained of in the four groups of cases 


Apart from the cases in which the pain was referre¢ 
ivy, the headache usually took the form of a dull frontal pain, 
often throbbing in nature, of the ty] issociated with increased 


intracranial pressure. 


Complete absence of headache in cases of th slight and sever 


S distress for d LVS, months or vears 


Vomiting.—Vomiting occurs not infrequently In cases in which 
sence or absence ol this s niptom Was reported It recurred as follows 
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Vomiting of altered blood was common in cases in which hemo- 
rrhage from the nose and pharynx was present, blood being swallowed 
reflexly while the patient is unconscious. If however, coma is s0 
profound that even this reflex is abolished, there is a risk that blood may 
be aspirated into the lungs if the patient is nursed in such a position 
that blood from the nose will gravitate into the pharynx. 

No significance, apparently, can be attached to the occurrence of 
vomiting. It occurred in many cases of all groups. It rarely continued 
for more than two days after the injury, and in many cases it occurred 
on only one or two occasions. 

Fits.—In three cases a fit was reported to have occurred. This 


) 


ippened at a varying interval after the injury. In cases (of which 


I 


there were two) in which the convulsion developed within a few hours 
f the injury, it was presumably caused by the irritative effect of 


hemorrhages into the brain substance or perhaps over the surface of 


Fits may also occur some days after the accident, as in the 


i 
following cas 
1’. ¢ s knox by motor « Hle recove 
~ Lay is 1 to have 
Hi ly « 1, and ng of objects cularly 
f N \ t ide n ive tonic spasms of t 
t hand foll Dy rile ngs of t exti One fit, whic 
St ed, las nds I se cul il time day 
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tell 
These Jacksonian attacks undoubtedly indicated some damage to the 


left cerebral hemisphere. ‘There was no evidence of increased intra- 


d with the persistent difficulty with 


cranial pressure, and this, combin 
speech, was suggestive of damage within the brain substance. 


IM XAMINATION OF CRANIAL NERVES 


Smel/,—Anosniia is a not uncommon sequela of a severe head injury. 
It is usually recognized by the patient himself after full return of con- 
sciousness. Damage to the filaments of the olfactory nerve may be 
‘aused by contre-coup injury, as was probably the mechanism of injury 
in the following case. 

C. R., a male, aged 32, was thrown from his motor bicycle and struck the 


ight parieto-occipital region. A fracture of the skull in this situation resulted, 
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and he lay unconscious for seven days. Thereafter his sense of smell was 
entirely lost though it had formerly been very acute. A severe degree of loss 
of memory and mental ability indicated extensive damage to the brain 


Vision. —Visual acuity is probably diminished temporarily after all 
severe injuries, but loss of vision is seldom a lasting complaint 

Damage to the optic nerve or chiasma in fractures of the base of 
the skull may cause complete blindness in one or both eyes, or may 


produce temporal field defects if the optic chiasma is injured 


A. R., a male, aged 36, was admitted unconscious, there having been no 
witness of the accident. Though deeply unconscious on admission, he was 
fully conscious when examined twelve hours later. There was severe bruisir 
of the frontal region with extensive effusion into the periorbital tissues 
On examining the eves, no direct reaction of the left pupil to light could be 
obtained, while the consensual reaction of the left, and direct reaction of the 
right, were normal. Theright pupil was 5°5 mm., and left 44 mm. in diamete 
There was complete blindness in the left eye and no subsequent recovery 


occurred. The visual acuity of the right eye after the swelling had subsided 


was {, but a marked loss of the visual field was present, especially in tl 
lower temporal quadrant (fig. 1 No improvement in this defect had oecurre 
eight months after the accident 
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Increased intracranial pressure, when present, may cause papillo- 
edema. This was observed in only two cases; in both it developed 
several days after the injury, and later disappeared spontaneously. 

Ocular nerves.—The pupils were unequal in thirty-eight cases. In 
only three of these was there clinical evidence of greater damage to one 
side of the brain than to the other. On the other hand, in twenty cases 
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in which changes in the retlexes suggested that there was more damage 
to one side of the brain, the pupils were equal in all but two. 

Gross paralysis of the ocular movements is uncommon, but a slight 
decree ot oculomot yr disturbance, as evidenced by diplopia, Is not 
infrequent, and was observed in six cases. These oculomotor disturb- 
ances may be due either to damage to the oculomotor nerves, or to 
bruising of the mid-brain. They usually disappear in the course of a 
few days or weeks, but may be permanent. 

In one patient a considerable increase of intracranial pressure 


developed which caused paralysis of the sixth cranial nerve on one side 


E. Y., a woman, aged 22, was knocked down in the street by a mot ca 
She recovered consciousness in about forty-eight hours but continued to suff 
from severe headaches. Six days after the accident there developed i Weakness 
of the outward move nt of the right eye, which, in the course of a few days, 
became a complete external rectus paralysis No signs of localized pressure 

1 the brain b nia rrhage could be 1 ie out, but a slight degree i pay ill 
developed, and the cerebrospinal fluid pressure was 330 mm. of wate 
She continued to have severe headache for a month and diplopia for thre 


months. After that period, however, she improved steadily and when examined 


six months after the accident, had fully recovered. 


Seventh cranial nerve.—Facial paresis or paralysis may be present in 
cases of basal fracture associated with haemorrhage from the ear. It 
was found in six cases, in all of whom there had been bleeding from the 
ear on the same side. Complete recovery in the course of a few weeks 
is the rule. 

Kighth cranial nerve.—In basal fractures associated with hamo- 


rrhage into the middle ear, some deafness may occur. It is usually of 


W. M., a male, aged 22, was involved in a collision while riding his mot 
bievele. There was ha ige from the right ear and from the nose. There 
was no apparent injury to the sealp, but X-ray examination showed a fracture 
of the right tempo il region. Weakness of the right side of the face was 
observed on the day follo i.dmission, and when consciousness returned 
two days late ac mpl It peripnhe al paralysis f the right side of the tace was 
| nstrated. There was s e iloss of the sense of taste over the anteri 
] t of the rig il his t ie 

By the right he eard spoken voice at one foot, by the left ea Whispel 
at four feet. The Weber test was not referred. but bone conduction in the right 


ear was greater than air conduction. The patient returned to work ei 
after the aecident, but when examined eight months after admission was suffering 


from headache and dizziness. The facial paralysis had recovered, but deafness 


yecovered. 
the middle-ear variety 
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in the right ear was worse than wher in the ward. The tuning-fork tests 
gave the same result. He also complained of a constant hissing noise in 
the ear 


[There was no question ol compens ition outstanding. 


Evidence of damage of the 5th, 9th, 10th, 11th or 12th cranial 
nerves was detected in no case. 


Moror FUNCTIONS AND REFLEXES. 


From the practical point of view, examination of the motor functions 
is carried out in order to determine whether one side of the brain is 
more disturbed than the other, and especially to ascertain whether th« 
functioning of one cerebral hemisphere is being progressive/y impaired, 
is may occur through hemorrhage continuing after the accident. The 
development of weakness or paralysis of one side of the body coming on 
gradually after the injury must always indicate a complication of this 
kind. 

Bilateral extensor plantar responses are not uncommonly found 
when the patients are first examined, as is shown in Table VIII. They 
are more common in the severe cases and durine the stages of un- 


consciousness. 


G Both Flexor Both | pret aie 
\ ) 

28 

( 17 14 

1) LW) 2 

4 2Y } 


Cases in which the physical examination indicated that one side of 
the brain was more damaged than the other.—In fourteen cases chanves 
in the reflexes indicated that one pyramidal tract had been more 
damaged than the other. Hemorrhages into the brain-stem are rela- 
tively uncommon, and one can usually assume that any damage to the 
pyramidal tract is caused within the cerebrum, and, therefore, if more 
marked on one side, that one cerebral hemisphere has been more severely 
injured than the other. 

In this connection it must be borne in mind that the side of the 
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brain which is most severely damaged bears no constant relationship to 
the side of the skull which receives the injury. This is shown in the 


two following case records: 


A. G., l¢ ] i 26 s knocked down by a mo car and immed 
ately rendered unconscious. When examined five hours later, she was found 
to have a bruis« leut in the right parietal region. She was deeply stuporose 
There were free movements of the right arm and leg, but no movement 
left ippel and lower extremities could be elicited. There was also paralysis 
of the left side of face \ period of over two weeks elapsed before she recover 
consciousnes 1) t period the cerebrospinal tluid was | l to b 
no ind tos » 1 se ol ] ss The aqura mate Was ¢ seu b 
Oo} tion S tl und, but no hemorrhage could be found : 
seven we Ss Cc nt s still | { ! rked deere ot spasti 
hemiplegia 

M. MeM ! i 35. 1 ~ ! i dow by motor cat ! in 
media ely rend conscious H l deeply st 1porose l hi 
death 1 eks la During t le of that period ther s complete 
loss ¢ power upper | lower extremi les, Whereas thie was 1! 

s of the le sid At th post-mortem 
depress fracture of the right parieto-occipital region was found. The 
cerebral tissue below the site of fracture showed little evidence of damage , but 
thie fie njury as so extensive that a large part of the left hemisphere 

strove 
Lhbnormal movements.—The presence of abnormal movements, suc] 


as tremor or athetosis, was not observed as a feature of the acute stage 
In one case of great severity muscular twitchings were observed, 
which simulated closely those seen in uremia. The circulation at the 
time was very poor, which suggests the possibility that inadequate 
nutrition of the nervous elements was the cause of the condition. 
Rigidity of the neck muscles.—A sign which was often present was 
rigidity of the neck muscles. It was often present when Kernig’s sign 
was absent. It was found toa slight degree in thirty-eight cases, and 
to a marked degree in twenty-eight. ‘This sign was present in cases in 
which meningitis developed, but might also be an indication of sub- 
arachnoid hemorrhage, which is a common result of severe head injury 
On thirty-two occasions in which the cerebrospinal fluid was found to 
contain a uniform and marked admixture of blood (over 1,000 r.b.c 


per c.mm.), the neck muscles showed some rigidity, except in one patient 


Blow to the Right Side of the Sk ising Left-sided Hemiplegia. 

iz 
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who was deeply comatose and dying. The degree of rigidity in sub- 
arachnoid hemorrhage is often so pronounced that the diagnosis of 
meningitis is apt to be made Rigidity of the neck muscles may also 
be produced by the presence of a bruise in the neighbourhood of the 
neck or occipital region. The rigidity when marked is usually ass 
ciated with a degree of neck retraction, which, as in meningitis, is mort 


pronounced in children than in adults. 


\ 
None 
Marked 
d 7 


The frequency with which neck rigidity was noted is shown in 


Table IX. The large proportion of cases in Group C which show this 
sion to a marked de gree 1S a str kine feature of the table 
Blood in the cerebrospinal fluid usually disappears in the course of 


three or four days. Neck rigidity also ceases to be present at about 
the same interval after the injury. In the following table the amount 
of blood in the cerebrospinal fluid in case E.Y. and the degree of neck 
rigidity are compared (‘Table X) 


It may be concluded that the neck rigidity often present after 
severe head injury is usually associated with subarachnoid hemorrhage 
Disturbances of the sphin rérs.- Loss of control ol the sphincters IS 
a usual accompaniment of unconsciousness, whether resulting from head 
injury or other cause. Netention of urine is an important complication 


in the severe cases of head injury and often leads to great restlessness 


- 
la | 
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Beat 
¢ 
16 hours Ma 
davs 10,04 S 
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It was present in several cases and should be examined for as a routine 
in all severe head injury cases. 

Higher cerebral function Retrograde amnesia.—In the series of 
cases Investigated, recollection of the actual blow to the head was never 
present when immediate loss of consciousness had resulted One 
woman remembered being struck by the motor car which knocked her 
down, but in that case it was the fall to the ground which injured th 
head, and of this fall she had no recollection. After return of conscious- 
ness, it was found in all cases that there was an interval, immediately 
preceding the injury, of which the patient had no recollection. Th: 
duration of this interval, the period of retrograde amnesia, Was inquired 
into carefully in ninety-six cases. In sixty-nine cases its duration was 


only one or two seconds, in twenty-four cases it lasted several minute 


f 


while in only three cases was it of longer duration than half an hour. 


[his interval was estimated by questioning the patient after full return 


of consciousness If questioned before this, the interval of loss of 
memory before the accident was of considerably longer duration 
In the following table the duration of retrograde amnesia 1s compared 
to the groups into which the cases fall. 
mare Duration or Rerrourape A 


The’ longer periods of retrograde amnesia are therefore mor 
mmonly found in cases which fall into Group C. 
The: recollection of events shortly preceding the accident may 
isually be taken as an indication that full consciousness has returned. 
The question as to when a patient should be considered to have 
regained complete consciousness is a point of medico-legal importance 
which would arise in cases such as the Merritt trial |30). From my 
experience of head injury cases, I feel justified in asserting that if an 
individual after a head injury is able to describe correctly events which 
preceded loss of consciousness by only a few minutes or seconds (as did 
Mrs. Merritt), consciousness has then returned in full. 

In states of confusion, disorientation and altered personality which 
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may occur before full consciousness returns, the patient has n 
recollection of events shortly preceding the accident. When, however 
memory of events preceding the accident was present, it was neve 
found, in the present series, to be other than accurate. This point, 
which is of medico-legal importance, was recently emphasized by 
Somerville | 31 

With regard to events following the accident, the patient’s ideas 
may be permanently inaccurate. This is well shown by Somerville’s 
case of a boy who incorrectly concluded that the doctor, whom he 
remembered attending to him after his injury, had caused the accident 
This case was used in the Merritt trial, as providing evidence that the 


t 


recollection of events preceding the injury may be inaccurate | 30]. It 
is, however, apparent that this case provides no evidence in favour of 
this possibility. The boy's belief was entirely due to his far 
interpretation while recovering consciousness, and had no connection 
with his actual memory of events preceding the accident. In point of 
fact, as Dr. Somerville subsequently explained, the boy remembered 
nothing of what occurred after he left his home ten minutes before the 
accident occurred. ‘That is to say, he had a complete retrograde 
amnesia for a period of ten minutes. 

Stages in the recovery of consciousness.—The stages of recovery of 


consciousness, and particularly of the mental and speech functions, are 
of great interest and may repay detailed study. he following case 
record provides a typical illustration of the steps towards recovery in 


case of severe head injury. 


R. D., a shepherd, aged 27, was admitted to hospital on May 3, 1931 
having been thrown off bis 1 tor cvele 
»severe shor He was | d fy t t tos 
restlessly in bed. He made no mpt to speak and ply j : 
condition. 

May 4, 1931.—Owing to violent restlessness he was tran ed to the ward 
for incidental delirium, where he had to be st pped in bed He powerfull 
resisted any interference and seemed very sensitive when t plantar reflexes 
were being examined I as little « eimpt S} 

May 5, 1931.—To-day he was fightir da t straps whi 
held him down and ealling out loudly without using any definite words 

May 9, 1931.—He greeted me cheerfully with ~ Good morning, sir,” and 
shook hands. He talked cheerfully about having to get home to-night. Mucl 
of what he said was meaningless, but a few sentences were intelligible. He 


gave his name correctly, but in reply to a question said, I’ve been here two 


years. sentences oiten begun corre ctly, later became meani gless Here, 


could I go out into the .’ He almost wept when prevented from 
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tting up, and seemed very annoved. ~ Well, I'll come back again,” he would 
say impatiently. That’s no kind of way to . . . now don’t you think 
Then, s ng up and waving his arms about, he would rgue vehemently 
but quite meanit ssly with the attendant, and wept whe gain prevented 
ting uy 
Plantar to-day fle whereas they had been prev sly 
| sides 
May 19, 1931 He was ve talkative and emphasized all he s wit! 
il s His conditi Ww very ike that ¢ t t1\ al 
lcated persol Hi sued that he must go home 1 boasted freely o 
nis ‘ skil i catehing trout He proniise ) Ve 
\ e Sis nd examine they would let hi oO He talked 
ess } ed his ! nts ove and over agai Most of Ss 
| were meaningless Like mia 
ted ! ttle or 1 n to what was i to hi 
is He i me wledge ¢ \ ere Wis ! 
Ds ly no hension ¢ his condition After consice ] Suits 
e uld respond to a simple request, such as ~~ Put out your tongu 
May 25, 193] He was quite changed. He remembered being troublesom 
e ward and was now very I logetic. He said he felt very well a i strong 
to sta He eV where he sand why he \ 
| la tandit his environmen There was no repetition 
| é need talk Ile listened t ind appreciated all that was 
1 im H ud 1 vy recolle certain events prececdil the accident 
He ered I | the road at a speed of about 35 miles an ho 
! to get | | dar] nd re mbered actually colliding with the 
el ( ec Is accident, 
hereafter this } itient’s recovery was uneventful When seen seven months 
was physically fit, but his doctor said he was much less reserved that 
before t ecident Hi 1d now no recollection of hitting the t barrel but 
nt ec ¢ to within Inutes ¢ thre ( ient He 
nable to r¢ ber t mber of sheep he counted about six hours befor 
cident, | ise he could tind fault with his memory 


[ have made several detailed records of the recovery of speech 
in cases such as the above and have found that they show remark- 
ible similarity \t first all words are impossible. The first attempt 
to articulate usually takes the form of a groan or a shout repeated 
ly. Then a few words are occasionally uttered. These may 
be meaningless, but soon a few common phrases are correctly pro- 
duced. These are often repeated frequently and are usually shouted 
out loudly. The patient’s vocabulary gradually increases. Common 
phrases are at first all that can be said, but gradually speech becomes 


more intelligible. There is still, however, a lack of any power of 


: | | 
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understanding or reason. The patient's incessant talk is mainly 
repetition. He pays no attention to what is said to him and is quite 
disorientated. The inhibitions and social training which prompt the 
average patient to speak with respect to the nurses and doctor are 


among the last functions to recover, so that he is often impudent to and 
familiar with his attendants. Subsequent to this stage the recovery of 
insight, orientation and the usual social habits rapidly follows, and the 
patient recovers full consciousness and begins to think about events 
preceding his accident 

Examination of the cerebrospinal fluid.— Examination of the cerebri 
spinal fluid was carried out on sixty-seven occasions in forty case 
Persistence of severe headache or of unconsciousness was considered 
to justify lumbar puncture 

I performed lumbar puncture in these cases with the patient lving on 
his side, the head and spine being on the same level. A tine needle was 
ised and the pressure of the fluid was in most cases measured b 
(vreentield’s manometer. 


of tlow can be accurately controlled by means of the tap on the needle. 


[he cases in which lumbar puncture is performed all suffered with 
severe injury, as in the slighter cases there was no indication for per- 
forming tl peration. 

l'aking readings above 200 mn I water pressure as being above 


normal, out of the 49 readings made the pressure was increased in 30 
In only 9 instances, however, was the pressure above 330 mm 
In the following table each pressure estimation 1s compared with 


+} 
Ul 


1e mental state at the time f lumbar puncture. 


M 
i 
( ] 

1. 
m 


It is at once apparent from a st idy of this table that there is no 


relationship between the degree of unconsciousness and the fluid pressure 


On twelve occasions the cerebrospinal fluid pressure was above 200 mm. 
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of water in cases in which consciousness had fully returned, while on 
seven occasions in which the pressure was below 200 mm. of water, 
the patient was stuporose ; and in three deeply comatose patients, all 
of whom died a few hours after lumbar puncture, the pressure was in 
no case above 200 mm. 

This table, therefore, indicates that the depth of unconsciousness is 
not an index of the degree of intracranial pressure. 

The pressure in uncomplicated cases, however, may provide some 
indication of the degree of cerebral cedema present. Jefferson | has 
recently emphasized that when severe head injuries are operated on 
several days after the accident, the brain is often found to be shrunken 
ind dehydrated, even though the patient is still deeply stuporose. This 
surgical observation may explain the low pressure readings in several 


deeply unconscious patients shown in the above table. 


These observations justify the following conclusions :- 


|) A certain increase of intracranial pressure often develops after 


2) This increase of pressure is seldom great. 

3) The degree of intracranial pressure is not proportional to the 
bel en the spinal fluid ressure and the presence 
tf headache at the time f lumbar puncture.- In order to attempt to 
tind the cause of the severe headaches which may follow head injury, a 


is been made between the cerebrospinal fluid pressure and 


} 
OmMparison 


rree of headache In some cases that were deeply unconscious 


the presence of headache could not be determined. On thirty occasions, 
however, an accurate comparison could be made, as is shown in the 
followin tabl 
lance NII 

t 6 

( J j 0 
18 
i 2 ) 


From this table it is seen that in 90 per cent. of the cases in which 
headache was severe the cerebrospinal fluid was above its normal 


pressure, that is, the pressure rose above 200 mm. of water. The 


head injury 
the 


570 ORIGINAL ARTICLES AND CLINICAL CASES 


figures unfortunately are small, but even so they probably indicate that 
if severe pain in the head develops after injury to the skull a considerabl 
increase of intracranial pressure is present. It is important to distin- 
guish between pain due to local injury to the scalp or skull and pain 
due to increased pressure. ‘The character of the increased pressure type 
of headache in these cases is that of a dull, throbbing or bursting typ: 
of pain, usually felt mainly in the frontal region. It is aggravated by 
stooping and is often relieved to some extent by raising the level of the 
head relative to the rest of the body. 

from these observations it is probable that the presence of sever 
headache of the type described indicates that the intracranial pressure 
is raised. 

Quantity of blood in the subarachnoid space.-—Ilf in carrying out 
lumbar puncture care be taken to penetrate the dura mater once only, and 
to pierce it for the least necessary distance, contamination with blood does 
not occur, except in a degree so slight as to be discerned only on micro- 
scopical examination of the fluid. In most of the cases, both a red and 
white cell count of the cerebrospinal fluid were carried out within an 
hour of taking the specimen. In all specimens in which blood was 
present, it was found to be evenly mixed with the fluid withdrawn and, 
on standing, the supernatant fluid was yellow in colour. 

In making a cell count, the specimen was first thoroughly shaken 
and, according to the degree of blood contamination, the red cell count 
was carried out on either the ordinary blood-cell counting slide, or on 
the Fuchs-Rosenthal chamber. When the blood contamination was 
very great, it was necessary to dilute the specimen in a blood-counting 
pipette before carrying out the count 

It is well known that in cases of spontaneous hemorrhage into the 
cerebrospinal fluid, such as may occur in a case of leaking cerebral 
aneurysm, the initial dramatic onset of severe pain in the head is often 
followed, after a varying interval, by loss of consciousness. This may 
be partly brought about by increased intracranial pressure, but ther 
is little doubt that it is largely due to alteration of the chemical consti- 
tution of the cerebrospinal fluid through the admixture of blood. It is 
found, for example, that the pressure of the fluid in these cases is often 
not greatly raised. Further, in fatal cases, the clinical picture is unlike 
that of death from increased intracranial pressure, but resembles moré 
nearly the type of death seen after severe head injuries. ‘The experi- 
mental work of Bagley |2| has recently shown that in dogs the 
subarachnoid injection of blood from the animal itself may produce 
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widespread irrit itive eftiects, including loss of consciousne Ss and con- 
vulsions. It is not surprising, therefore, to find that in those cases of 
head injury in which the amount of blood in the cerebrospinal fluid is 
great, loss of consciousness is always deep. This is shown in the 
following table : 
( ROS 1 l 1.) 
Normal ( 
| | | 
M te .. 2 
0 


These tigures suggest that a large quantity of blood in the sub- 
urachnoid space may cause, of itself, loss of consciousness. It must be 
borne in mind, however, that excessive subarachnoid hwemorrhage is 
often an indication of severe cerebral laceration, which would also 
produce prolonged unconsciousness 

The table also compares the degree of headache with the amount of 
blood contamination, but the comparison provides no evidence of 
relationship between the two. 

Lhe rate it hich the bi / ; removed —There were only a few 
‘ases In the series in which I felt justified in carrying out repeated 
lumbar punctures. Four examinations were, bowever, performed in 
case E..Y. and in case H.b., and three in case J.C. In each of these 
cases, the red blood corpuscle count, the white blood corpuscle count 
1e total protein content of the cerebrospinal fluid were plotted 
against the interval after injury at which lumbar puncture was 
performed. The results are shown in figs. 2,5 and 4, and the rapid 
feature of all three charts. Not 


only sO, but the rate of disappe irance 1s remarkably constant, in each 


disappearance of the blood isa striking 


case there being relatively very few red blood-cells present seventy-two 
hours after the injury. A further point which is apparent in the curves 
from cases H.B. and J.C. (figs. 5 and 4), cases in which the fluid was 


examined on three consecutive days, is that the reduction of the red 
cell count between the first and second examination is approximately 
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equal to the reduction in the cell count between the second and third 
examination. Thus the curve for that period in both cases approxi- 
mates closely toa straight line, and the observation suggests that the 
mechanism for removing the blood-cells operates at a constant rate. It 
is, however, assumed in discussing these cases that no further hemo- 
rrhage occurred after the first twenty-four hours following injury. If, 
as in one case, a large quantity of blood (50,000 cells per ecubie milli- 
metre) is found in the fluid at an interval of seven days after the injury, 
if 1S probable either that hemorrhage continued for some time after the 
accident, or that a fresh hemorrhage occurred at an interval after the 
injury. This latter isa well-recognized complication and is described 


as Del ived Ha rrha or Spdta) / le rie 5. 


The following case record provides an example of this complica- 


tion 
W.G od 17, is found uncons S ( t road beside his 
bicycle. H vered consciousness afte n interval of se | hours. H 
continued ) ve iro eacdache nad Was founda ¢t ve i 
( lity | I punct e Was carried out t days af 1d ss101 I 
tl l was na t eeply bl l-stained. Relief of headac immediately 
lowed lumbar puncture, and t ys later he was discharged free of 
\ nt ulimitted wi cl n¢ s 
of sl ys t ulter he was stu) se sta n 
t ache ¢ nat i nbar pur s then pet 
ply bh] was a off and e, re headach 
occult i imn \ Le Was neventful her 
examined seve ! ths late hie no ¢ ym plaint e | of an occasional 


As the blood-cells disappear from the spinal fluid, the latter becomes 


brown in colour, as in Froin’s syndrome. This vellow or brown 


} 


coloration disappears in a few days after the blood-cells have been 


removed. In case E.Y., for example, the fluid was clear and yellow on 


the fifth day, but three days later, on the eighth day after the injury, 
was quite colourless 
Clot format The development of a clot in aspecimen of cerebro- 


spinal fluid provides the most delicate indication available of th 
presence in the fluid of fibrinogen | 13 There is no tendency for blood 
in the cerebrospinal fluid to clot unless it comes in contact with damaged 
tissues. In one fatal case in this series, G.H., the red cell count in the 
fluid was actually 1,400,000 per cubic millimetre, and yet no tendency 


to clot was apparent in the specimen after allowing it to stand for half 


headache 
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an hour. In all cases of meningitis a clot develops, and indeed the 
development of a clot is always suggestive of infection having occurred. 

Total protein content.—The total protein content of the fluid with- 
The 
specimen was thoroughly shaken before the test was carried out, and 
the Microkjeldahl method was used. 

Figs. 2, 3 and 4 show that the fall in the protein content paralleled 
closely the fallin the red cell count. In fig. 2, for example, the protein 
content by the fifth day was only 15 milligrams per 100 cubic centi- 
metres, that is to say it had fallen to normal in this short period 
of the 


drawn was in most cases estimated in the Biochemical Laboratory 


These observations are of interest from the point of view 
mechanism by which the blood is removed. If the red cells under- 
underwent lysis before their constituents were removed, the protein con- 
tent would not be expected to fall so rapidly as it does in these cases 
[It therefore seems more likely that phagocytosis of the red cells 
is the essential part of the mechanism for removal. The endothelial 
‘ells lining the subarachnoid space, ventricles and choroid plexuses are 
ill phagocytic (Hurst (14), and they are no doubt responsible for the 
removal of the erythrocytes. I have often observed blood-pigment in 
these lining cells in post-mortem material derived from cases in this 
series. I have not, however, seen any sections in which the actu 

occurrence of phagocytosis could be demonstrated 

White corpuscles —The white cells were counted on the Fuehs 
Rosenthal slide, using toluidine blue as a stain, and acetie acid t 
dissolve the red cells. 

The number of white cells present in the cases examined could, in 
uncomplicated cases, be accounted for largely by the hemorrhage itself 
Where this was the case, the white cells usually disappeared as rapid| 
is did the red cells. This was apparent in the cases k.Y. and H.B 
figs. 2 and 5). A rise in the white cell count is an early sign of an 
inflammatory reaction. This may be merely a mild aseptic typ 
meningitis, but may of course be due to a virulent pyogenic infection. 

Case J. C. showed the features of an aseptic meningitis. For over 


forty-eight hours after admission the patient had a high te mperature 


7 


und pronounced rigidity of his neck. At the end of this period a second 
lumbar puncture was carried out (fig. 4), and the white cell count wa 
found to have risen to 6,000 per cubic millimetre. In the course of 
the next twenty-four hours, however, the temperature dropped to 
normal, and the white cell count fell to 800 per cubic millimetre. The 
red cells and protein disappeared as in cases E.Y. and H.D. (figs. 2 and 3 


Kecovery thereafter was uneventful. 
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A rise of the white cell count in the cerebrospinal fluid is the earliest 
f a developing infection. This is illustrated by case A.G. which 


low 


is relerred to below. 


Estimation of sugar. -The quantity of sugar in the blood is raised 


derably after severe head injury, and glycosuria is not uncommon 


is therefore not surprising to find that the sugar content of the 


ebrospinal fluid may also be high. Case A.G. 1s of interest in 


this connection. The head injury was very severe, and two days afte: 
the accident the blood contained 222 mg. of sugar per 100 cubic 
centimetres. On the day following, the cerebrospinal fluid contained 
is much as 150 me. 100 cubic centimetres, while there were practi- 
cally no white cells in the fluid. This patient developed an infection 
{ t middle ear, which had been damaved by a basal fracture, and 
dey fatal meningitis 5 shows how early in the 
/ 
/ 
/ 
vide f the development of this infection became apparent in 
the cerebrospi! fluid The rise in the white cell count and the fall 
n the sugar content are striking features The rise in the white cell 
int was the first sign of threatening infection, and indeed this sign 
mmav be looked on as the earliest and most delicate indication of a 
mmencing nieningitis The patient in this case survived for nineteen 
days after his 


nism by which ti rain is injured.—It is a remarkable 
that the skull, which contains a fragile structure such as the brain, 
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or, 


can be subjected to sudden blows of considerable severity without injury 
to the brain, especially in view of the fact that some movement of the 
brain relative to the skull may occur, as is evidenced by the occasional 
tearing of a cortical vein from its attachment to a venous sinus. 
Whether the head receives a blow or whether the head strikes the 
ground, the mechanism of cerebral injury is the same. The brain is 
obliged to undergo a sudden change in momentum, which, if the skull 
were not there to protect it, would cause its complete destruction. The 
fact that the brain fits the skuli accurately is the main factor which 
enables the skull itself to bear the brunt of the blow. 

The force applied to the skull in a case of concussion may be great 
and may be applied to only a small area of its surface. The force of the 
blow is, however, conveyed to the brain by the whole inner aspect of the 
skull on the side injured, and in this way is so distributed that the 
damage to any one part is correspondingly reduced. 

Beyond violence of a certain degree, however, the brain also becomes 
damaged. Here again the effect is lessened by the force of the blow 
being distributed to all parts of the cerebrum. That a mechanism 
exists which distributes the strain to all parts, and so reduces the 
damage to any one part, is shown by the scattered capillary hemorrhages 
which are often found throughout the brain of cases in which no 
gross cerebral contusion can be demonstrated. 

Contre-coup injury.—It is largely through the tearing of small 
vessels in the pia arachnoid that hemorrhage into the cerebrospinal fluid 
occurs. The bleeding is usually greatest at a point exactly opposite to 
that at which the injury is received. It seems that this so-called 
contre-coup injury, which is the most constant of all post-mortem 
findings in these cases, cannot be explained by any wave of force having 
been applied to the brain at that point. If we take, for example, the 
case of a man who falls on the frontal region on a hard surface, 
the momentum of the skull is arrested with great suddenness and the 
skull, in its turn, arrests the momentum of the brain in the manner 
described above. The force of the brain's momentum is directed 
towards making the brain continue its velocity in a downward (frontal 
in this case) direction. The occasional tearing of a cerebral vein provides 
conclusive evidence that some movement of the brain relative to the 
skull can take place. All parts of the brain are attempting to move in 
the same direction, and the maximum movement relative to the skull 
will be at a point opposite to the site of the frontal impact, viz., in the 
occipital region. It is I think apparent that the subarachnoid space is 
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the place of least resistance to this force. The combined forces of 
surface tension and intracranial pressure will prevent the spaces 
between the dura mater and skull, or the dura mater and arachnoid, 
being opened up. What then are the forces which prevent the space 
between the pia mater and arachnoid being forced open? In the first 
place there is the intracranial pressure which is slightly greater than 
atmospheric pressure, and in the second place there are the fine fibrous 
bands uniting the pia mater and arachnoid. The former force is the 
most important, but is somewhat lessened because, unlike the sub- 
dural space, it is possible for the subarachnoid space to enlargé 
without becoming a vacuum. This is because it can be filled with 
cerebrospinal fluid from other parts. Indeed the fact that brain tissue 
is heavier than the cerebrospinal fluid will tend to make the brain 
force itself downwards (forwards in this case) at the expense of the less 
heavy fluid, which will therefore tend to flow away from the site of 
mpact. 

Any such movement of the brain would be greatly lessened or 
abolished were the skull a closed box containing a constant volume of 
tissue and fluid. This doctrine of the skull being a closed box of this 
nature cannot, however, be accepted as correct; because in the first 
place, the volume of the brain can be greatly reduced by forcing blood 
away from it, and in the second place, the brain and cerebrospinal 
fluid have considerable room for expansion through the foramen 
nagnum. I therefore suggest that the common contre-coup injury is 
caused by the brain tearing itself from its coverings by the force of 
its own momentum. The damage is therefore most likely to occur at 
that part of the brain which is opposite to the site of injury, though 
in very severe cases the injury may be much more extensive. 

Should this be the correct explanation of the mechanisms by which 
contre-coup damage is produced, the type of injury found in this situation 
should be of a different nature to that found at the site of impact. This 
is precisely what actually occurs. At the site of injury some cerebral 
contusion may be apparent, the features of which are discoloration of 
the surface of the brain with small hemorrhages within its substance. 
Hemorrhage on the surface of the brain is, at the site of injury, absent 
or slight. 

In the case of contre-coup injury, on the other hand, sub-arachnoid 
hemorrhage is the chief and often the only sign. The arachnoid may 
be lifted up from the surface of the brain by a collection of blood. 


Extensive hemorrhage may occur into the brain substance, but this is 
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merely an extension of hemorrhage from the surface where the actual 
tearing of the vessels occurs. [Examples of contre-coup injury are shown 
in figs. 6 and 7. The contre-coup damage usually appears to be much 
greater than the damage at the sight of injury, but this may be more 
apparent than real owing to its hemorrhagic nature. 

Mechanism of loss of consciousness.—The sudden loss of conscious- 
ness at the time of injury is considered by Trotter to be due to cerebral 
anemia caused by a sudden flattening of the skull, what he terms 


Fic. tre-coup injury, showing sub-arachnoid hemorrhage. 


“ Acute compressive anemia’ [35]. There are, however, difficulties in 
iccepting this explanation. In the first place, the loss of consciousness 
is immediate and recovery is relatively slow. There are other condi- 
tions in which loss of consciousness is due to cerebral anemia. Such 
may occur when a debilitated person suddenly assumes the erect posture. 
I.oss of consciousness in this case is preceded by a feeling of light- 
headedness which lasts for a second or two, and in contrast to what 
happens after concussion, recovery of consciousness occurs completely 
as soon as the position of the head relative to the heart is adjusted by a 
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fall to the ground. Banking at corners in high-speed flying may pro- 
duce the same effect, the blood being suddenly forced from the brain by 
its own momentum. In this case recovery of full consciousness occurs 
as soon as the sudden changing of direction is modified. A more prolonged 
period of cerebral anzemia occurs in a Stokes-Adams’ seizure, in which 
the loss of consciousness is so prolonged that a convulsion often occurs, 


yet here again consciousness often returns as soon as the circulation is 


re-established. Further, the theory of an acute compressive anemia 
does not explain why one patient should be unconscious for five and 
another for a period of thirty minutes. In the latter case, though thi 
blow was presumably more severe, the duration of compression of the 
brain, should it have occurred, cannot have been of longer duration 
Again, if loss of consciousness were due to cerebral ansemia, one would 
expect that in the very mild cases at least recovery of function would 
be rapid. We find on the contrary that recovery of full function of the 


conlre- 
coup. 
Fic. 7.—( tre-coup injury, slowing extension of sub-arachnoid hemorrhage 
substat f the brain. 
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brain, even in the slightest injuries, is always a relatively slow process. 
Even in the mildest cases of concussion, those in which the individual 
does not lose the power of either walking or speaking, he remains in a 
dazed state for several seconds, during which time he gradually recovers 
his full mental powers. 

The following case is of particular interest in this connection :— 


W. R., a male, aged 34, had an accident while working in a mine on 
October 9, 1931. His head was crushed with considerable force between two 
hutches. This, however, did not cause him to lose consciousness immediately 
He remembers all the details of the accident. He remembers sitting down 
ifter it oecurred, while another worker bandaged his head. He remembers 


soing up the pit shaft and entering the ambulance. Soon after entering 
umbulanee, however, he lost consciousness and did not regain his senses until 
n the Infirmary. When admitted, he had severe throbbing pains in his head. 
There was no visible fracture on X-ray examination and he was discharged 
week later. 

Soon after returning home he began to have © fainting turns” in which he 
would lose consciousness for a few seconds. No history of convulsions was 
obtained, but coincident with the onset of these turns pain in the head beca: 


severe and continued until he was admitted to Ward 32 under Professo 


Bramwells charge on January 8, 1932. His complaint then was of sever 
and continual throbbing frontal pain and “ fainting turns.’ He responded 


well to treatment with rest in bed and dehydration measures, and felt fit 


vhen discharged four weeks later. 


In this case intracranial structures were sufficiently compressed 
and damaged to pr duce severe after-effects, yet no initial loss of 
consciousness occurred. 

It would appear that the effect on the brain is not unlike th 
response of a peripheral nerve to an injury. Obstruction of all circula- 
tion to a nerve, as can be obtained by applying a sphygmomanometer 
armlet to the limb, fails to interrupt its functioning capacity except 
after many minutes. A sudden jar to the nerve trunk, however, causes 
an immediate interference with function, the severity and duration of 
which are directly proportional to the severity of the injury. Recovery 
of function is here, as in concussion, a relatively slow process. For 
these reasons it seems probable that the ancient conception of a com- 
motion occurring in the nerve elements is the correct explanation of 
the sudden loss of consciousness. According to this view, the concussion 
of the nerve elements causes some molecular change which brings about 
a temporary interruption of function. ‘That the myelin sheaths, at 
least, are easily disturbed by a sudden jar is demonstrated by the ease 
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with which slight carelessness in removing a spinal cord at autopsy will 
alter the myelin sheaths sufficiently to enable them to be stained by 
Marchi’s method. 

As has already been shown, the force of the blow received by the 
skull is distributed to all parts of the brain. After a severe blow to the 
skull, therefore, all parts of the brain must suffer to a greater or less 


degree. It is therefore not surprising that the site of the injury is of 


little significance in most cases. Irom whatever angle the skull is 
jolted or struck, the whole of the brain receives a certain degree o! 
jarring, its whole mechanism is put out of action, and consequent] 
consciousness is immediately lost. Consciousness cannot exist unles 
the association paths within the cerebrum are acting normally ; hen 
any temporary interruption of conduction in the intracerebral fibres w 
cause immediate loss of consciousness. My conception of the mechanism 
of concussion is, therefore, that at the moment of injury the whole of 
the brain tissue undergoes mechanical agitation. This causes molecular 
disturbance within the nerve elements (probably in the myelin sheaths 
which brings about an interruption in the conducting functions of the 
nerve-cell processes, and leads to the instantaneous loss of consciousness. 

['ypes of injury.—lt is interesting to consider the different types of 
head injury from the point of view of the degree of jar—or agitation, 
which they cause to the brain. 

The de 


1) Rapidity with which the momentum of the brain and skull is 


rree of injury to the skull and brain must depend on : 


iltered. 

(2) The degree of change of momentum. ‘The momentum of a body 
depends on its mass and its velocity. The mass of the skull and brain 
is approximately constant, therefore the degree of injury must depend 
n a) the rapidity with which the velocity is altered ; (J) the amount 
ol change of velocity. 

If, for example, the patient falls from a height on to a stone surface, 
both the above factors contribute towards the occurrence of a serious 
degree of brain damage. 

1) The velocity of the skull is arrested with great suddenness at the 
moment of contact with the hard stone. 

(2) The velocity of the skull which is high at the moment of impact 
is completely abolished and may actually become negative if the skull 
rebounds. Hence the degree of change of velocity is great. 

If, instead of a fall on a stone surface, the patient falls on soft grass, 
the amount of change of velocity is the same, but the suddenness of 
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change of velocity is much less owing to the softer surface. Hence the 
injury to the skull and brain is less severe. 

Many cases have been described in the literature of the subject in 
which a pointed metal instrument has transfixed the skull and brain 
vithout consciousness being lost. This occurrence can be readily 
explained by the above conception. The point of the instrument being 
relatively sharp, a large part of its velocity is expended not in imparting 
velocity to the skull, but in penetrating its substance, and corresponding]!) 
the rapidity with which the skull is made to assume velocity Is not 
inconsiderably lessened by this same factor. Any effort, so to speak, on 
the part of the instrument to impart a sudden velocity to the skull is 
prevented by the same effort causing further penetration of the skull by 
the metal instrument. 

In the case of a moving object striking the head while at rest, the 
rapidity of the change of velocity of the skull and the degree of its 
change of velocity, depend on the momentum of the force which strikes 
it. As has already been mentioned, momentum depends on the tw 
factors—the velocity of the object and the mass of the object. It 
therefore follows that a rapidly moving object and a heavy object, and 
especially one which possesses both these properties, will cause most 


damage to the brain 


Changes during recovery.—When consciousness is beginning to 
return and motor recovery has occurred, a stage of great restlessness 
and resistiveness is likely to supervene. This stage is often called the 
‘stage of cerebral irritation and is considered to be due to cerebral 
cedema, with a consequent increase of intracranial pressure. As has 


already been shown, however, the mental state is not in any way 
proportional to the pressure as estimated by the manometer; indeed, as 
already mentioned, seven stuporose cases which subsequently recovered 
showed a pressure within the limits of the norma! While the 
individual is very irritable in the popular sense of the word, there is no 
evidence that the condition is due to any mechanical irritation of the 
nervous elements. As Symonds | 5} has pointed out, other pathological 
conditions which cause cerebral oedema, such as cerebral tumour and 
uremia, do not produce a clinical picture in any way resembling this 
traumatic state. 

The condition is seen in all degrees of concussion. The concussed 
football player often moves his limbs restlessly and talks meaninglessly, 
and not a few cases of head injury are violent and abusive when seen in 
the out-patient department. Though in slight injuries the duration of 
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this stage is brief when compared to what may be seen in severe cases, 
it seems that the condition has the same significance in both types of 
case. In this stage of irritability, consciousness is not fully recovered 
and the patients have no subsequent recollection of their actions. It is 
probable that these irritable states merely represent a stage in the 
recovery of consciousness. The mental and other higher cerebral! 
functions have not yet recovered, and owing to the lack of their control 
the more primitive and less vulnerable motor activity is running wild. 
(idema and other circulatory disturbances are frequent complications 
of cerebral trauma, and their far-reaching effects must not be lost sight 
of. It seems improbable, however, that they are the cause of the 


] 


1 
sudden loss of consciousness, or tl 


‘that they provide the explanation of the 


condition called cerebral irritation 


RE-EXAMINATION | CASES SOME MONTHS AFTER DISCHARGE FROM 


As is well known, certain symptoms are lable to develop after head 
juries. These have been described under such terms as post-con- 
cussional neurosis and the post-concussional syndrome, the chief 
features of which include headache, dizziness, nervousness, sleeplessness, 
inability to concentrate, and disturbances of memory and behaviouw 

In order to attempt to elucidate some of the problems associated 
with this aspect of the subject, a series of cases have been re-examined 
it an average interval of six months after discharge from hospital. 

Method of investigation.—Oft the 184 cases which survived the 
injury, 141 were interviewed and examined at an average interval of 
six months after the accident ; 55 of these had noticed no abnormal 
symptoms since discharge, while in the remaining 86 symptoms which 
were presumably due to the injury had been present since discharge. 


The proportion in the ditterent groups is shown in the following table 


Hospivral. 
The follow-up investigation is important, because it touches on the 
urgent questions of prognosis and ultimate rate of recovery. 
Tarte XV 
) l 25 
No symptoms .. \4 10 
Total reporting... 61 15 ) 141 
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ANALYSIS OF COMMON POST-CONCUSSIONAL SYMPTOMS. 


In the study of symptoms it was considered advisable to exclude 
those in which there was any question of compensation outstanding. 
‘There were 14 such cases. The remaining 72 cases provide a valuable 
opportunity for studying post-concussional symptoms, and these are used 
exclusively in the following analyses. 

Headache.—Some degree of headache was present in $1] cases. It 


was slight in 25, and severe in 13 cases (Table XVI). 


These tables show, in the first place, that the incidence of headache 
is higher in Groups A and B than in Group C, and, in the second place, 
that its frequency is higher in the early age-periods than in the later. 
Thus 5Y per cent. of the cases below the age ol 1) complained of 
headache, while the figure for the cases above the age of 40 is 40 per 
cent. 

If pain in the scar of a scalp injury be excluded the type of headache 
was remarkably constant. It was adull pain referred to the frontal and 
temporal regions, often throbbing in nature. It was usually worse when 
the head was lowered, as when the patient went to bed at night. but 
in many cases it was worse on waking in the morning. It was usually 
aggravated by physical exertion or by excitement. In some cases it 


could be brought on by shaking the head, and in not a few it was more 


noticeable in dull wet weather. A gradual reduction of the degree of 
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pain was the rule, but in some cases the headaches continued with 
considerable severity and were seriously incapacitating. In two cases 
who had previously suffered from migraine, these attacks ceased after 
the accident. 

The following are typical examples of cases showing this 


symptom :— 


J. B., a male, aged 19, collided with a motor lorry while riding a motor 
cycle. He sutfered a fracture of the right parieto-temporal region and was 
uneonscious for five days. Four months after discharge he had not returned 


to work because of severe pains in the head. These were frontal and throbl ing, 


worse on rising in the morning and sometimes continued throughout the day. 
They were, however, becoming less severe. When free of the headache he feels 
quite fit. He has also been nervous since the accident and very irritable. 
There was no stion of compensation 


T. K., a tle aged 25, was involved in a collision while riding his moto) 


bicycle. lixter sive fractures of both frontal bones occurred and he was 
unconscious for four days. He lay in bed for five weeks and began work two 
nonths later. He was examined eight and a half months after the injury and 


was then still suffering from pains in the head. These were especially 


noticeable when the weather changed. The pain was throbbing or bursting in 
character. It was worse on waking in the morning and was aggravated by 
stoo It was also aggravated by excitement and was almost unbearable 


he attended a football match. Otherwise he felt well and was able to do 


is work. There was no possibility of any compensation being obtained. 


from his motor bicycle while attempting 


t void a dog. A large fissure-fracture of the left temporal region was apparent 
X-ray examination and the patient did not recover consciousness for thirteen 
days He lay in bed for three weeks and returned to work four weeks later. 
When examined six months after his accident he complained of inability to 
ember about people he knew quite well, and of some difficulty in concen- 


trating. He was not nervous and had been told that he drove his motoi 
hbieycle more recklessly than before his accident He had had practically no 
headache, whereas before his accident he had suffered from typical migrainous 


} 


headaches since 1921. These headaches used to be preceded by a visual aura 


| occurred at least once a week. On the day before examination he had one 
yf these headaches, the first since his accident six montlis before. 

F. a. * male, ed 63, Was thrown tot e ground by a struggling ho se and 
struck his head on the pavement. He was unconscious for one or two hours. 


ty 


There was bruising over the left p rietal and occi} ital region, but no fracture 

iS apparent on X-ray examination. When examined seven months after his 
injury he was suffering from a marked degree of loss of memory. He also 
complained of headaches of great severity which showed no sign of improving. 
If he stooped to the ground the pain became so bad that he often just lay down 


n the floor. A spasm of pain occurred during the examination. While it 


| 
O. T., a male, aged 33, was thrown iis i 
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lasted he remained motionless looking vacantly ahead for a few seconds, and 
then, when it passed off, had lost the thread of what he was saying. There 


Was no question of compensation. 


Three of the above patients had headache of no little severity and 
many examples in which the headache was of the same type, but of 
less severity, could be cited. It is noteworthy that no fewer than fifteen 
of the patients in Group (, although showing certain other symptoms 
referable to their head injury, had remained quite free of headache since 
discharge. Some of these were cases of severe injury with extensive 
fractures of the skull 

Dizziness.—Dizziness is often a prominent complaint after head 
injury, but its features require careful analysis. The following case 
records illustrate the types of disturbance included under this term. 

J. A., a male, aged 38, fell downstairs and struck his head on the gro 
He did not lose consciousness but developed severe headaches whic 
until admission to hospital a week later. Lumbar puncture relieved h 
headache immediately and he insisted on leaving the ward thereafte X-ray 
examination demonstrated a fracture in the left parietal region. When examined 
six and a half months later, there was some loss of memory and the patient had 
had a few fits. There had been no headache since the lumbar puncture, | 
the patient complained that if he suddenly rose to his feet or if he lo 


upwards ~ his head began to swim.’ 


O. T., a male, aged 33. He was unconscious for thirteen days after his 
injury. Six months later he noticed slight loss of memory and occasional 
dizziness. If, while lying on his back, he turned his head to the left o 
the right, he complained of his head swimming. The sensation only lasted t 


i moment and then passed oft 

In neither of these cases was there any question of compensation 
outstanding 

This dizziness was usually a sensation as though the head were 
“ swimming.’ The patient rarely fell to the ground, but felt that he 
must steady himself or sit down until it passed off. True vertigo was 
not present in any of the cases examined. Changes in posture, or move- 
ments of the head and eves were common causes of an attack. The 
common association of suddenly standing up with the onset of an attack 
suggests that cerebral anemia may be a causative factor in some cases, 
while connection between movements of the head and eves and the dizzi- 
ness is suggestive of some disturbance of the labyrinthine mechanism. 
One patient, for example, who worked in a library, was unable to look 
up at the upper shelves of books, as this movement of the eyes would cause 
her to feel so giddy that she felt she might fall. That labyrinthine 
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a 


damage is a not uncommon result of head injury has been shown recently 
by Linthicum and Rand (19). They conclude that there are often 
disturbances both centrally and in the labyrinthine end-organs. 

In the present series, dizziness was noticed in thirty-one cases, as is 


shown in Table XVIII The age-incidence is shown in Table XIN. 


VIII 


Thes« figures include ases in which post-concussional 
symptoms were present, but in which no question of compensation 
is outstanding. Thev show that there is no great difference in the 


of this symptom in the different groups. In contrast, 


incidence 


however, to he idache, the inere ising incide nce as age advance s 
is a striking feature. The dizziness, though of common occurrence, 
is usually nly slight, and rarely caused by itself any serious 

a 
Loss of memory and mental ability.—Disturbances of memory and 


mental abilitv were often found. With a few exceptions these were 
slight in degree and eaused the patie nt little inconvenience. They were, 
the less real and In a fe W cases the degree of memory li Ss 


was great and very incapacitating. The milder degrees were repre- 


nowever, none 


sented by a difficulty in remembering the names of people or of streets 
which had been formerly well known to the patient. This condition 
simulates closely the deterioration of memory so often found in old age. 
In the more severe degrees the changes are more serious. A child who 
was previously good at school becomes backward, and in adults difficulty 
in remembering names may be associated with difficulty in recalling 
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words, so that the patient may complain that he is no longer able to tell 
a story, or that he makes foolish mistakes in writing a letter. Loss of 
mental ability to a slight degree was well shown in the case of a shop- 
assistant who found after his accident that he had difficulty in handling 
a troublesome customer. 

The more severe degrees of loss of memory may even amount to a 
mild aphasia. ‘This is not surprising when it is remembered that the 
functions of memory, thought and speech are so intimately dependent 
on each other that no one of them can be seriously injured without the 
other two being affected. The loss of memory and mental ability was 


in some instances so great as to amount to dementia. 


O. T. recovered to a remarkable degree from a very severe injury When 
examined, however, six months after the accident, he said that he could not 
concentrate as well as previously and that he had difficulty in ~ placing 
people he knew. He could not remember whether he knew them or not, but 
if he sueceeded in “~ placing” them in his own mind he remembered their names 
ind all about them. 

C.R., a male aged 32, had a collision while riding his motor bicycle and was 
unconscious for seven days Tl ere was a fracture of the skull in the right 
parieto-occipital region. When examined four and a half months later the 
patient was experiencing great difficulty in supervising the fish restauran 


which he and his wife managed. 


He was unable to recognize people whom he knew well. He would ask 
his wife the same question repeatedly, having forgotten that she had already 
answered. His wife was obliged to handle all the money as he could not 
remember who had paid. He would frequently repeat himself 

He had to avoid stooping as this made his head © swim,” and if he looked up 
or down things seemed to “swim away.” He was still suffering from severe 
headaches. He had completely lost his sense of smell, which was formerly 
very acute, and he was slightly deaf in the right ear. The patient was 
taking his case to court, but only to attempt to prove who was responsibl 


for the accident. As, therefore, the degree of incapacity was not the point at 
issue, there was no reason to suppose that the impending suit had any influence 
on his health. 

The main injury to the brain in this case was probably contre-coup, involving 


the left frontal region in particular. 


The frequency of loss of memory and mental ability in the present 
series of seventy-two cases is shown in Table XX. 

In these cases loss of memory must be due to damage to the nervous 
tissues, and it is therefore not surprising that in Group C this defect 


is proportionally much higher than in Groups A and B 
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XX. 
sever 0 4 
Slight 8 lt 22 
N 11 


The influence of age on the incidence of loss of memory is shown 


in Table XX1 


This table shows that, as in the case of dizziness, the incidence of 
loss of memory is higher in the later age-periods, for over 50 per cent 
of the cases above 40 years of age had some loss of memory, while in 
the cases below this age the percentage is 32. This difference is more 
evident if the cases in Group C (most of which had loss of memory) are 
omitted, for in Groups A and [> taken together, 50 per cent. of the 
cases above 40 years of age had some memory loss, while in the cases 
below this age the percentage is 17 

Nervousness.—-Nervousness is not uncommonly present after a head 
injury. It was recorded as a sequel of the injury in 25 cases of the 
group of 72 in which there was no question of compensation out- 
standing. The following tables show the incidence of nervousness in 


the different groups and at the different age-periods 


LE XXII. 
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I XXI.—AGE-PERIODS 
M t to 4 wt t to 7 On 
Present .. 2 7 2 2 
Absent 7 18 j 1 1 
Tet 
\ 
Present - 7 7 1] 25 
A nt l 20 14 17 
Total os 20 27 25 92 
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TaBLE XNIII.—Ace-PERIODs 


N to 4 ¢ ) ( 
Present 7 l l 
Absent 2 7 ) 2 l 


It is obvious that an increasing incidence of this symptom in the 
later age-periods, which was such a striking feature of dizziness and 
loss of memory, is here not evident, in fact the incidence of nervous- 
ness is greater in the earlier age-periods. It is a very common sequel 
in young children. It was present in 35 per cent. of the cases below 
10 years of age, while in those above 40 the percentage was only 26. 

It is apparent that it cannot be due to recollection of the accident or 
to anv feeling of fear before the accident occurred ; indeed the incidents 
immediately preceding the injury are often not remembered Abnormal 
nervousness usually has a purely psychological cause, and there is n 
doubt that thinking over a severe accident, especially if foolish relatives 
enlarge on it, is probably sufficient to account for the mental state 
which is so often found. But as the psychological 
control behaviour are dependent tor their smooth working on_ the 
intactness of cerebral connections of great complexity, and as thes 
highest association mechanisms are certainly the most vulnerable, it is 
difticult to exclude the possibility that the symptom has an organic 
basis. 

It is interesting that in young children a complete change of 
character is not uncommon after an injury. This may be compared t 
the disturbances of behaviour which sometimes develop in children 
ifter an attack of epidemic encephalitis. It is difficult to prove that 
these minor disturbances have an organic basis, but it is unjustifiable t 
issume that their cause is wholly functional 


The following cases illustrate this type of disturbance 


C. J., a female, aged 'F ipped ind fell ion to i Ss was 
unconscious for about an hour and there was extensive fract f the 
skull When examined two months after dise c er s She 
loesn't seem to be the same child to me. She’s full of mischief. She seems 
to have the devil in her” (patient smiles). Before her injury she was very 
juliet und good, now she is disobedient, defiant nad daring. She gets very 


excited and treats younger children badly. She pl Lys all day, but ste ps to sit 
down sometimes because of he adache. She is become mue ! e nervous 


being atraid especially of falling and of the d 
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M. M., a female, aged 9, fell down stairs, but was only stunned for a few 
econds When examined six and a half months later, her mother said she 
ts quite Chany phe sed to be very good at school, but is now backward 
nd has no interes S| S Ve | t-minded and ten forgets what 
Du ns mess Sie s so excited sometimes that she 
ms | ry Say sor hing, and bursts into tears 


Disturbances of slee) Difficulty in falling asleep may be a trouble- 
fe, and continues in some cases fora 
long period. This symptom was recorded in nine cases but in most of 
these it lasted for a few weeks only after the injury. 

spilepsy may develop months or even years alter a 


head injury, and for this reason the present investigation is of little 


ilue as far as the frequency of the complication is concerned. 
\s already mentioned, a convulsion may occur in the early hours 
ifter the injury, several days later. The first convulsion, however, 

often occurs at an interval of weeks or months after the injury 


hese fits may be major or minor in type, and in the latter case It 
iften difficult to distinguish them from dizzy attacks which are pre- 
unably not epileptic manifestations. A point which is of value for 
their differentiation is that in the case of a dizzy turn the patient 
f is conscious of the unpleasant feeling of insecurity it gives, 
hile in the case of a petit mal attack, the patient is less disturbed by it, 
ind indeed is often unaware that anything untoward has occurred. 
its were recorded as having occurred in eight cases, one of which 
was In Group A, four in Group B and three in Group C 
Physical exraminatio Physical examination usually elicited no 
ibnormal signs. Anosmia and deafness were occasionally present, as 
were slight motor disturbances such as tremor or unsteadiness of move- 
ment. In one case progressive deafness and unsteadiness had developed, 
dae presumably to labyrinthine disturbances. 
One patient complained that she could no longer take wine as it 
‘went to her head” at once. Another noticed that since the injury 
his hands perspired excessively, while a third had developed diabetes 


insipidus, which was due presumably to a lesion of the hypothalamus. 


As was shown in Table XV, 86 patients—that is 61 per cent. of 
the 141 cases which were examined at an average interval of six months 
after discharge from hospital—complained of symptoms which were 
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referable to the injury they had received. As in 14 of the 86 cases the 
question of compensation was outstanding, these were excluded from 
the analysis of symptoms. There remained, therefore, 72 cases in 
which post-concussional symptoms were present and could be analysed. 
The relative frequency of the more common symptoms is shown in 


Table XXIV. 


N 
f 
Headacl l j 
Dizzine 
Loss of 
Nervo 4 
S 


Fifty-seven of the 72 cases were below the age of 40, and 15 wer 


nervousness were more often noted in 


above this age. Headache an 
the younger age-periods, while dizziness and memory-loss were mor 


often present in cases above the age of 40 years. 


Discussion OF Post-TRAUMATIC DISTURBANCES. 


The principal symptoms which may be present after head injury 
re headache, giddiness, loss of mental ability, disturbance of sleep, and 
epilepsy. All degrees of disturbance are met with, and the duration 
of the symptoms may be a few days only, or may cause incapacity for 
months or years. Whether the disturbances are slight or severe, th 
ndividual symptoms are remarkably similar in each case 

The loss of memory must have an organic basis, and the same may 
e said of post-traumatic epilepsy. All the nervous elements within 
he brain may be damaged in severe head injuries, and where loss ot 
memory is present it may be assumed that a number of the nerve-cells 
or their processes have been so severely injured that their recovery is 
mpossible. Multiple capillary hemorrhages may contribute to the 
lamage of nervous tissue, but it is unjustifiable to assume, even when 
no hemorrhage or contusion is apparent, that the nerve-fibres have 
escaped. That the degree of damage may be extensive is apparent 
from encephalographic studies, such as those of Foerster and 
Bielschowsky (4 

Recent investigations on the pathology of concussion indicate that 


the degree of injury to the brain has in the past been under-estimated. 
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Meyer, in 1904 |22), demonstrated multiple areas of softening in cases 
of traumatic insanity, and other workers have shown pathological 
changes in comparatively mild degrees of concussion. Thus, Cassasa | 6 

described multiple hemorrhages scattered throughout the brain, and 
Trotter |34)| has shown that areas of “unresolved contusion ’’ may be 
present. Minkowski |25 | has studied the finer pathological changes, 
especially the damage to small blood -vessels. Martland and Beling | 21 

have shown that multiple hemorrhages are only present in a small 
proportion, 2°9 per cent., of fatal cases, and that the commonest gross 
lesion is a confre-coup laceration which was present in 57 per cent. of 
their series of 409 autopsies. Martland | 20] has drawn attention to 
the condition which he calls “ punch drunk,” in which professiorral 
boxers develop symptoms which indicate degenerative changes in the 
brain. These include slowness of movement, hesitancy of speech, 
tremors of the hands, dragging of one or both legs, staggering, 
Parkinsonism, vertigo and deafness. Many cases ultimately develop 
marked mental deterioration, and end their days in mental hospitals 
Martland suggests that the changes are due to multiple capillary 
hemorrhages, such as have been shown by Cassasa |6| to occur in 
comparatively mild injuries. 

Rosenhaven in 1930 | 28) drew attention to fine cellular changes in 
cases of concussion. A question which arises in connection with this 
vork is whether these changes have not been due to some complicating 
factor, such as hyperthermia before death. In one of NKosenhagen’s 
cases, however, death occurred suddenly eight weeks after the injury, 
and in the interval the patient, though suffering from headache, had 


been able to return to work. Then he suddenly developed hemiplegia 


and died in eight hours from the effects of cerebral hemorrhag: 
Rosenhagen found extensive degenerative changes of a fatty nature in 
both the ganglion and neuroglial cells, which he concluded were due to 
the previous head injury Symonds {35 has also emphasized thx 
importance of considering the direct injury which is caused to the 
neural tissue at the time of the accident 

Pentield |26|) has laid stress on the formation of scar-tissue as a 
cause of traumatic epilepsy, and has followed the stages of astrocytic 
scar formation in experimental work. Linell | 18} has confirmed his 
observations. 

It is surprising that, in spite of Penfield’s important work, the 


investigation of the glial reaction has been largely neglected in human 
pathological material. It is recognized that extensive gliosis must 
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occur in areas in which the brain tissue is totally or partially destroyed, 
and the failure of other workers to demonstrate these changes in fatal 
cases must be due to the unsuitability of their material for study. 
Penfield [26] and Linell [18] have shown that the glial activity begins 
three days after the injury, and reaches its maximum in three weeks; 
thereafter, the fibres having been formed, the cells retrogress, so that 
at an interval of six weeks after the injury there are few cell bodies to 
be seen. Death must therefore occur several days after the accident 
for these changes to be demonstrable in the human brain, and it is 


uncommon at this stage except in the case of meningitis supervening 


3 
Fic. 8.—Shows reaction around # small hemorrhage in the sub-cortical white matter 
due to injury, three weeks before death. Numerous new capillaries are present and the 
astrocytes are large and numerous. The latter are of the ‘fibrous’ type and are in an 
active stage of reproducti n. (The blood clot was situated at th upper | rner of 
the field shown.) Frozen section impregnated by Cajal’s gold chloride sublimate method 
20. 


I have had the good fortune to obtain the brains of three cases which 


have died at an interval of two to three weeks after injury. In two of 


these death was associated with meningitis, but in the third there 
was no meningeal infection. In all three the astrocytic reaction 
was very striking. The fibrous and protoplasmic astrocytes were 
equally affected, and their activity was apparent far beyond the area of 
gross cerebral contusion. As is shown in fig. 8, the reaction was 


pronounced around a small intracerebral hemorrhage, but it extended 


‘ 
Me 
‘Sag 
_ 
= 
vag 
| 


CEREBRAL INVOLVEMENT IN HEAD INJURY 595 
far beyond it. As Venfield has shown, the presence of necrotic brain 


tissue is a stimulus to the proliferation of the glia, and the widespread 
astrocytic reaction in this case provides evidence that the destruction of 
nervous tissue may be more extensive than is apparent at first sight, 
and that nervous tissue may be damaged in regions where the brain on 
ordinary microscopical examination appears to be normal 


In attempting to provide a pathological explanation of such symptoms 
as headache and dizziness it is important to realize that within the 


skull there are twoc rculatory svstems, that of the blood and that of the 


cerebrospinal fluid. ‘These two circulations are dependent to a great 
extent on each other, and whatever the exact mechanism of their con- 
trol, itis a mechanism of great cde licacy There is evidence that thes« 


circulations are both disturbed in some of the states which follow head 
injury. Bielschowsky |4| has shown that in post-concussional disturb- 


ances the pressure of the cerebrospinal tluid may be abnormally high, o1 


abnormally low, and that the rate of absorption of the fluid is often 
reduced, as is evidenced by the slow rate at which sodium iodide is 
removed after injection into the subarachnoid space Dielschowsky 
concludes his paper with the following sentence 

Bei 106 Fallen von Kopftraumen verschiedenster Art und Schwere 
mit und ohne cerebrale Hirnerscheinungen finden sich in der iiberwieven- 
den Mehrzahl der Fille mehr oder weniger ausgeprigte Storungen 
des Liquersystems 

Muck | 24, 25| has made the interesting observation that the blood- 
vessels of the nasal mucosa in cases showing post-concussional symptoms 
are often abnormally irritable, and as both they and the pial vessels 
have a common nerve supply, he concludes that the pial vessels are also 
in an abnormal state. 

Certain features of the headache and dizziness also suggest 
circulasory disturbances. Its aggravation by conditions which physio- 
logically raise the intracranial pressure, as stooping, exertion and sleep, 
is a definite feature of the headache, while dizziness is sometimes 
produced by conditions which lower the intracranial blood-pressure, 
such as the sudden assumption of the erect posture. There are, how- 
ever, other causes of dizziness; some are probably associated with 
labyrinthine disturbances, and indeed Linthicum and Rand | 1%} have 
recently shown that abnormalities of the vestibular reactions are not 
uncommon in patients suffering from post-concussional disturbances of 
this type. 

It seems therefore probable that symptoms such as _ headache, 
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dizziness and sleeplessness, depend in many instances on disturbances 
of the intracranial circulations. The slow disappearance of such 
symptoms probably indicates that the delicate adjustments of intra- 
cranial circulation are slow to recover. Further, the not uncommon 
observation that after apparent recovery excitement or effort may cause 
a return of headache, indicates that recovery may be more apparent 
than real. 


DIAGNOSIS, PrRoGNOoSIS AND TREATMENT. 


It seems desirable, finally, to consider in what wavy the above 
conclusions can be applied to the practical aspects of the subject 
Diagnosis In the discussion of post-concussional disturbances, 


reasons have been given for concluding that the symptoms must have 
an organic origin and cannot be dependent on any functional disturb- 
ance. It is therefore impcrtant to note the exact features of these 
svmptoms in order that they may be distinguished from psychogenic 
disorders. 


The occurrence of pile pti attacks provides di finite ey le nee 


considerable damage, as also does the demonstration of loss of inen 


The careful analysis of headache and dizziness provides the best 
guide to their nature. Their association with changes in posture and 
conditions which physiologically alter the intracranial pressure are 
points of diagnostic value Physical examination alone Idom provide 
evidence of cerebral injury even when its extent is considerable, and 


the diagnosis of organic injury to the brain must be therefore arrived 


at mainly by questioning the patient with a view to eliciting the exact 
nature of his complaints. It is only by so doing that an approximately 
correct idea can be obtained with regard to the relative degree of organic 


and functional disturbance 

Prognosis.—The factors influencing prognosis in 1) acute st 
have already been considered 

One of the objects of this investigation was to investigate the 
possibility of recognizing in the acute stage cases in which late disturb- 
ances would develop. ,It must be admitted that in this respec 
results have been disappointing : no means have been found by which 
an accurate prognosis with regard to the possibility of the development 
of post-concussional symptoms can be formed. 

There are, however, one or two factors which do undoubtedly in- 


fluence the ultimate outlook. The first of these is the age of the 


patient ; patients above the age of 40 or 50 are much less likely to 
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recover fully than are those below this age. Secondly, the degree of 


injury as estimated by the duration of unconsciousness is an indication 
of some, though of surprisingly little, value. For example, gross 
degrees of mental defect were found only in voung people whose cases 
fe] 


| into Group ¢ 

l'reatment.— The modern treatment of cases of head injury has been 
directed largely towards reducing intracranial pressure. As soon as the 
initial stage of shock has passed off, the patient is propped up in the 
Fowler position and viven a dose of calomel. The intake of fluid is 


restricted, intravenous injections of hypertonic solutions are given and 


} + 

uon ti ntracrania pressure ana tha Is the Cause 
1 uncon ness (‘erebral odema is a constant development 

! rel cont n, bu t often a dangerous plication ? 
\ rise of intracranial pressure n rtainly be caused by oeden f 

but m tive pres erie the pre i LDOVE 
mm. of t nd w t fore ite low when compared to the 
sure re re monl found in d ch a 

neit nd cerebral ! ‘here was no ev nce that in any 

f the fata ut is d t ncreased intracranial pre ire 
[t is proba that bral lemma can pl the duration of loss 
ism ihe ence in ol tl is that dehydrating 

su ma en the return of ! usne It however, at 
f | 
tqu etnet ! irl return ot con isne ae rable 
! e! njur ind if the cerebral tissues are reall lamaged by 
It mnportar r in mind that a degre f in ise of intra- 
n re | rful eans of controll hemorrhage 
n cerebral pillarie nd veins In this way, cerebral oedema 
n event hremorr! na rrespondingly the rtificial reduction 
f intracranial pre re ma val t 

lor these reason t seems that treatment by reduction of intra- 
ranial pressure should be reserved for cases which provide a definite 


ndication for it, and that its indiscriminate use is not only undesirable, 


Details of treatment. In the « stages of severe injurie Ss, treat- 
ment is mainly directed towards combating shock. When uncon- 


sciousness is profound, there is a real danger, if the swallowing reflex 
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lumbar puncture is carried out repeatedly. 
his line of treatment is based on the assumption that cerebral 
edema is a danee is complication in that it mav lead directly to death 
but dangerous, 
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has not recovered, that blood and nasal secretions may be inhaled into 
the lungs. This can be avoided by turning the patient half over on his 
face. As soon as the stage of shock has passed, there seems no reason 
why the patient should not be allowed a pillow : patients often complain 
bitterly of the discomfort caused by lying on a hard mattress and this 
undoubtedly contributes to restlessness in some cases Retention of 
urine is also a common cause of restlessness. 

lor the reasons stated in the last section, it is usually undesirable 
to attempt to reduce cerebral ccdema during the tirst day or two days 
In my opinion, it is more important that some means should be found 
of preventing violent restlessness, as this is liable, by raising the blood 
pressure, to encourage hemorrhage from torn cerebral capillaries and 
veins. Morphia is useful for this purpose and can apparently be given 
without danger, provided the patient is allowed to recover from the 
influence of the drug between each dose, so that any chanve in his 
degree of consciousness is not obscured. 

Whether in severe cases some cerebrospinal fluid should be with- 
drawn is a difficult question to decide. In the first place, it is no easy 
matter to perform a lumbar puncture on a violently resistive person, 


and the presence of blood in the cerebrospinal tluid makes the ba 
rigid and sensitive, as in cases of meningitis. A struggle is inevitable in 
many cases, and this may do more harm than the lumbar puncture 
would do good. ‘This difticulty may, however, to a great extent be 
avoided by carrying out the procedure after the administration of 
morphine. In favour of lumbar puncture is the fact that removal of a 
small amount of cerebrospinal fluid not infrequently gives relief t 
headache, and seems in some patients to hasten mental recovery. In 
only five cases in a series of twenty-five was the clinical condition on the 
day following lumbar puncture not definitely improved, and in a few 
relief from severe headache was quite dramatic. 

It may perhaps be fairly stated that if loss of consciousness is pro- 
longed beyond two days, if headache is severe, or if the condition 1s 
getting worse, withdrawal of some cerebrospinal fluid is of value both 
for diagnostic and for therapeutic purposes. It is better to relieve 
cerebral cedema by lumbar puncture than by the use of hypertonic 
solutions, because with lumbar puncture the pressure of the fluid can 
be estimated and care can be taken to avoid reducing the pressure 
below normal. It therefore forms a more precise and a safer method of 
treatment. 

Lumbar puncture is not only of value as a method of treatment, but 
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it can provide an accurate indication of the intracranial pressure and of 
the degree of any subarachnoid h#morrhage. It also gives the first 
evidence available of the onset of meningitis. Further, the irritating 


effect of blood in the subarachnoid space, which in some cases 1s 


great, may be reduced by the withdrawal of some of the blood-stained 


Where the pressure is high, the effect of withdrawing a little cerebro- 
spinal fluid may be supplemented by administering a purge or by raising 
the patient into the Fowler position. 

In the absence of a depressed fracture, there are few indications fo 
operation on the skull. Compression of the brain by hemorrhage from 
the middle meningeal artery is a rare complication and is not usually 
difticult to diagnose. The gradual accumulation of blood in the sub- 
dural space may require surgical relief weeks or months after the 
accident, but rarely in the acute stave 

\ very gradual return to normal activity is perhaps the most im- 
portant point in the treatment of the convalescent stage. A recurrence 
of symptoms often indicates that work has been resumed too soon. No 
two cases are alike, and each patient must find out for himself how 
quickly he can with impunity return to full work. 

An important part of the treatment is to endeavour to adjust the 
patient's mental attitude to his injury. He frequently leaves hospital 
after a week or ten days, may or may not rest for a time at home, and 
then is distressed to find that when he begins to work he develops 
headache and giddiness. He then fears that there has been some 
damage to his brain and is afraid to * sign off” his compensation claim. 
These worries, combined with the demoralizing effect of severe headache, 
provide the basis necessary for the development of a condition of 
traumatic neurasthenia. [I urther, if the skull has been fractured, the 
patient has a dread lest another slight injury to his head may have 
serious consequences, and therefore, if his occupation is a dangerous 


ne, such as mining, he is afraid to resume it again. It is especially in 


the case of industrial accidents that great care should be taken to adjust 


the patient's attitude to his injury. It is inadvisable to minimize the 
accident unduly; it seems wiser in the first place to tell the patient that 
complete recovery will occur, but that he must make up his mind to be 
otf work for several weeks or months, that recovery is always gradual, 
and that he must return to his full activity slowly. If he develops a 
headache or feels giddy, that must be looked on as an indication that 


he has done more than he is yet fit for. 


tluid. 
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If this attitude is adopted by the surgeon, an intelligent patient will 
realize the position and will not be frightened by the occurrence of an 
occasional attack of headache. ‘Traumatic neurasthenia in a patient is 
largely caused by fear—fear that he is not getting better, fear that he 
will never be fit for work, fear that his brain is damaged, fear that 
another head injury would be fatal, and so on. For these reasons, 
simple explanations directed towards adjusting the patient’s attitude to 
his condition form a most important factor in the treatment of industrial 
accidents, not only those which involve the skull, but also those 
involving all parts of the body. 

If the patient returns at an interval after the injury complaining of 
severe post-concussional symptoms, the treatment advised by ‘Trotter is 
of great value and often leads to a complete cure, Rest in the Fowler 
position both day and night, combined with the use of dehydrating 
measures such as the regular administration of strong solution of 
magnesium sulphate, either orally or by the rectum, is the basis of this 
treatment. Its success in many cases suggests that circulatory disturb- 
ances, such as Trotter describes, are an important factor in causing t 
persistence of symptoins. 

Earamination of the patient in the acute stage.—Cases of head injury 
when first seen by the surgeon are often in a state of severe shock, and 
in such circumstances it is desirable that physical examination should 
be no more than is absolutely necessary. ‘This preliminary examination 
should be directed in the first place towards estimating the degree of 
injury and the immediate prognosis, but should also be carried out in 
suflicient detail to enable the subsequent development of complications 
to be recognized. 

Death occurring during the first forty-eight hours is usually asso- 
ciated with a failure to react from the initial shock. As this is indicated 
by a progressive increase in the rate of the pulse and respirations, the 
importance of recording the pulse, respiration and temperature at short 
intervals is evident. 

Careful examination for hemorrhage from the ears, nose and throat 
is important because of the frequency with which infection may reach 
the brain through these avenues in the case of fracture of the base 
of the skull. 

Wounds of the scalp should be treated with scrupulous care, however 
small they may be; the danger of infection is shown by one case in 
which a wound of the forehead less than an inch in length resulted in 


a fatal osteo-myelitis of the underlying skull. 
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The importance of recognizing hemorrhage from the nose in the 
case of comatose patients, because of the danger of aspiration of blood 
and secretions into the lungs, has already been stressed. 
From the practical standpoint, it is desirable to examine the nervous 
system of the patient as soon as possible after admission, in order that 
changes which may indicate the onset of serious complications may be 
recognized at a subsequent examination. It is therefore necessary to 
bear in mind the chief complications which may contribute to or cause 
death : 


1) Aspiration of blood and nasal secretions into the lungs, 


2) Infection spreading to the meninges and brain. 


intracerebral 


The onset of intracranial com 


nfection manif tself principally by a deepening of the degree of un- 
cons isn nd by the onset of eviden f local damage to th 
brain, the most important of which is the development of weakness of 
one le of the rd 
| stages | which nsclousness returns have already been 
escribed, and the portance hes in the necessity for re nizing the P 
inges that ind respectively either that con isn s returning - 
that the patient is | ng re uncons i 
\ 
It dif lt t i I the points which have been discn in 
papel the two ndred dealt th provided 
{ | f nves tion f hich only certain a ts have been 
The frequet t n the « symptoms and ens of 
neu l been analvsed, and tl nificanee discussed 
(hanges in t pressul nd chemiustry of the cerebrospinal 
tinid nave been investivat {in a series of severe cas 2 ind have thrown 
lieht on t onifican { certain symptoms and signs of the acut 
stage 
The mechanism by which the brain is damaged in injuries of the ‘3 
head has been discussed, and conclusions have been arrived at with 
regard to the mechanism of loss of consciousness and contre-coup injury 
(he pathology of the condition called *‘ cerebral irritation” has also ‘ae 
been considered. ‘he conclusions arrived at in this section are contrarv 
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to most current teaching. ‘The cases in Group C provide material for 
study of the stages by which consciousness returns. 

Most of the cases seen in the acute stage have been re-examined 
later. The fact that in the series compensation cases are few in number 


has greatly added to the value of this part of the work. The frequency 


with which post-concussional disturbances occur has been investigate: 
Physical examination alone is of little value in the attempt to estimate 
the degree of cerebral damage, and hence the detailed analysis of 
the subjective features of genuine post-concussional disturbances is 
important, 

The investigation of post-mortem material forms a small section of 
this work ; marked changes in the neuroglia have been demonstrated 
in the brains of cases dying at an interval after the injury. 

Finally, the practical application of certain aspects of this work has 
been discussed in relation to diagnosis, prognosis and treatment 

The subject of this paper suggests many lines of investigation, 
and the work which is here recorded must be regarded meri ly as a 
preliminary report based on the first two hundred cases seen. 

In conclusion, I wish to express my gratitude to the Surgical Staff 
of the Royal Infirmary for allowing me to study the cases under their 
charge, and to the Residents and Nursing Statf who have been invariably 
helpful. I have also to thank the Medical Research Council fora grant 


for the purpose of this investigation. 
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NOTICES OF RECENT PUBLICATIONS. 


Poliomyelitis. A Summary by the International Committee for the 
Study of Infantile Paralysis. Pp. 562. Baltimore: Williams and 
Wilkins. 1932. Price 36. 

In 1928 an International Committee was appointed in Ameriea with 
adequate financial support to study poliomyelitis. A number of contributions 
by individual members of the Committee have already appeared in the medic 
press, but this large volume represents the chief results of its work during the 
past four years. It is properly deseribed as a survey, for it contains little 
that is not already familiar to students of the subject. but on the other hand it 


reviews very fully the literature on all aspects of the disease, and will therefor 


prove useful to anyone interested in p liomvelitis who has not time to consult 
original sources, or thet aining necessary to evi luat > ert enally the numerous 


\t present when epidemics a wri n \ us parts of t l 
ma points ol nterest re its e} micloey a most promis time) 
of the disease in its early stages. On t O question no conclusions 
are drawn, but very comple SsurVveV ¢ th ‘ ‘ ly ; the las 
twenty vears is given. The mo mport state t in the « ( 
treatinent Is that there 1s notin Indicate hie peutic lue es 
ot convalescents, erin 5 t pre t developme 
ot pat lysis : this conelusion is dr nh Tre i\ n et L.OOO cases 
diagnosed inthe preparalytic stag If « vhi é treated by seru 
other half being « tro \pplieations of N s to t pit a methe ( 
treatment \ id sed becom po} | I ons 
experiment animals ai int illy ha 

This volume is viluable cor hution to the literature of the disease. but 
would have been more uselful if a critical summary of each section or chapter 


had been provided 


Acromegaly. By F. i... B. Arkinson. Pp. 260. sondon: Bale, Sons 


and Danielsson. 19532. Price 21s. 


For many years the author has been collecting the ree ; ll cases 
acromegaly published in medical literature, and this monograph details 
symptoms and the associated anatomical changes | ecords of 1,519 elinical 
descriptions and 265 post-mortem examinations. His method has been to 
cecept and enumerate without ny abtempt at critical analysis the changes in 
structure and function mentioned by the authors and in this way to present all 
the symptoms W ich may occu n the course ot the disease This method 

| t devoted to the pathology of 


deprives part of his work, and particularly tha 


ise have, tor obviously the structural 


acromeg ily, ol 


changes described by earlier authors are of little value as compared with results 
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methods; but on the other hand his unbiased 


ol 


f investigation of cerebral tumours 


all the main features of the disease will be useful to anyone engaged 


it. This is facilitated by tables in which the 


1e@ recorded cases are given concisely, and by a very 


i/ste. von Kk. GOLDSTEIN und H. 
Price M. 12 


is devoted to descriptions of the symtomatology 


\dequate 


{ on the observation and interpretation of clinical signs, but a 
this sec yn Is reserved for wecessory methods of diagnosis, as 
| ventriculographical examination and brain puncture, a metliod 
nd, and cording to the authors, rightly so as it may brin 
dangerous complications. In the remaining chapters the 
i signs produced by, tumours in different regions of the 
sseat fully. The authors have evice ntly had considerablk 
ence of the subject on which they write, but this monograph is 
1 cases recorded in the literature ; there are over 700 reference: 
( necessary as few have the individual experience essential 
pres ution of such a large and ecmplex subject, but it deprives 
of the value it would have if it were written mainly from the 
su ll known neurologists. The acceptance without 
iation of ny references may throw doubt on some of their 
» HO can be recommended as one of the most concise, 
ble mor phs on tumours of t un 
lelperkussion, yon L. Bexepex. $.112. Berlin 
l ’rice M 6 
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Les Séquelles de PEncéphalite épidémique. Par G. GUILLAN et 
P. MouuaretT. Pp. 103. Paris: G. Doin et Cie. 1932. Price 
Fr, 28. 

In this small volu ne the sequels ol epidemic ence})! alitis are de seribed 


purely from the nosological point of view, without, in most instances, any 


attempt to analyse their nature or to determine the anatomical lesions with 
which thev are associated. The clinical descriptions tre udequate and are 
copiously illustrated by photographs. The short section on treatment presents 
no ne¢ herapeutic measures of promis¢ 


Handbuch der Geisteskrankheiten. Herausgegeben von OsWALD 
BUMKE. Neunter Band. Spez. Teil 5. Die Schizophrenie. 
Redigiert von K. Wilmanns. 8.785, mit 99 Abbildungen. Berlin 
Springer. 1932. Price Km. 86.00. 

This volume completes the thorough and learned exposition of modern 
psychiatry which has been issued under Professor Bumke's general editorship 
during the past four years. Actually the present volume is edited by Professor 


Wilmanns of Heidelberg: all its contributors are or have been his colleagues, 


} ] ] 4 
and is ip} yriately dedicated to Jaspers hos tear ! nas so greatly 
} t 
influence 1 this work Che clarity and inge ol he p sentat nos ( 
sdom of entrusting so ditticult a subjeet to a group of workers with a conmon 


mt } . } 
pont of view. They regard schizophrenia as a collection Of sy! ptom-comypiexes 


which, with our present knowledge, cannot be further differentiated, and the 
psychological method of research appears to them the most fruitful now at 
our disposal. 

The book commences with an informative historical chapter by Hans 


Gruhle; he 1s, however 


, unfair in his reference to Henry Maudsley, and he 
says nothing of Adolf Meyer. The wtiology of schizophrenia is considered in 
a series of papers by Beringer (Heredity and Mental Constitution) and Mayer 
Gross (General Factors, such as Race and Sex, and Somatie and Psvchie 
Traumata). 
Then comes the general symptomatology: Gruhle deals with psyeh 

pathology ; a brilliant section on motor manifestations is the work of the late 
August Homburger; and Steiner and Strauss present such physical findings 


as have been reported. 
The clinical section, which has been written by Mayer-Gross, takes up more 


than a third of the whole volume. Itis an erudite and thorough aceount, based 
on a great deal of original observation and giving evidence of that minute 


psychological study which can best be described as phenomenological. The 
mode ot onset, the typical syndromes, atypical forms and course of the illness 
are given at length, followed by brief sections on diagnosis and treatment. 
This last therape utie section is only ten pages long and bespeaks honest 
scepticism rather than vague or enthusiastic hope. A curt negative section on 


morbid anatomy by Steiner, a lengthy and interesting survey of the social 
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‘cts of the disorder by A. Wetzel, and a well-documented examination of 
artistic productions of schizophrenies by Burger-Prinz (who is here heavily 


he debt of Prinzhorn) are followed by a résumé of the general theory of 


schizophrenia, with a personal contribution by Gruhle, which concludes the 


book 


except for a full bibliog Lpoy and mncdex. There is no other work on 


schizophrenia which can compare with this for fullness and accuracy. 


The 


Gestalt Theory and the Problem of Configuration, By Bruno 


PETERMANN. Vp. 344. London: Kegan Paul. 1932. Price 15s 


’ Gestalt’ psyc iology has assumed so In portant a place among current 
chools that this well-informed and eritical survey is welcome. It is, therefore, 


tunate that its style should be very difficult, a fault for which neither the 
ect-matter nor the translator ean justly be held to blame Many will regi 


the We rtheime Koft Kol ier the ry has been che sen almost exclusive ly 


or considera } fuller presentat n of the work of Krueger's associates 

oul have ad i eatly to the v f this | sk. Dr. Petermann finds fault 
with the concepts of the Gestalt ” theory rather than with its experiment 
data. He concludes that the vice of the theory must invalidate the attempts 
i Lppraisit the Hi eusons tor this are urtly phil sophie 
) rtly scientific. in both eases very technical and involved 


log md P Yes le Pers Niich von 


G. EKwaup. S$. 138. Berlin: Karger. 1932. Price Rm. 14.40 


With the inereasing emphasis that is being laid on personality, there is 


li 
for such thoughtful essays as this of Professor Ewald He takes trouble 
ke his meat ‘ clear, he draws a useful distinetion between charact 

temperament and related coneepts, and insists, as a psychiatrist should, 
he } it I complet en it consi only psyehi 

The ! t cl $1! ! | ire not negligible: only 


ul or biologic pproach to t problem can do justice to it Ewald 

in tf | rmerly out of season amid the dynamic” psychological 
»no Wkely t receive temperate consideration such as their sobi 


critica reco it ( the mod n posit ieserve 


hodiaanost von Hy RMANN Rors« HACH. Awe ite Autlage. 
Pp. 230 T'afeln bern and Berlin Ilans Huber. 1952 


he R uC nve tion is been pplic | widely and not 
ulways cautiously to the study of psy ypathological problems. The unfort 
t deat ( t te the me din plete on the 
nterpretative side, but suffi | been done be e his death to establish 
ts main Line na subseq nt ork I a nstrated its value within a limited 
ld lhe $ llent pro yn) is an unaltered reprint of the firs 
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edition, issued in his lifetime, with a supplementary essay which was published 


rd 


after his death. The second volume contains durable reproductions on c 


board of the ink-blots used as perceptual material 


Die vie rfache Muskelinnervation, einsceh lee sslich der Pathoge und 
Therapie der progressiven Mushkeldystrophie. von Ken Kure 


$. 320. Berlin: Crban und Schwarzenberg. Price M. 20. 


In this book the author elaborates his well-known thesis that voluntary 
muscle is innervated by nerves related to four different systems, the pyramidal, 
extra-pyramidal, sympathetic and para-sympathetic, and that muscular tone is 
of three kinds, cerebrospinal, sympathetic, and para-sympathetic. Of these 
the first is probably comparable to Sherrington’s contractile tonus, and thi 
two last to plastic tonus. The nutrition of voluntary muscle is governed by 
all these systems to some extent, but especially by the sympathetic and pat 
sympathetic, and it is to lesions of the latter that muscular dystrophies are 
due. This thesis is supported by a number of experiment 
examinations. Cases of muscular dystrophy have also been 
adrenaline and pilocarpine to replace the lost nervous impulses, and good results 
are claimed for this treatment. 

These views have already been challenged by orthodox phy siologists as 
they have appeared in individual papers during the last ten years, and many 
points are still in dispute. The present volume is rather a re-statement of 


the author's position than an attempt to answer the arguments of his crities 


Du Hinteilung des Nervensysten nach Leistungen von Li. 
74. Leipzig: G. Thieme 1933. Price M. 6.80 


In this popular but interesting presentation of his views on the mode of 

action of the nervous system the author studies in succession those parts con 
cerned in determining our reactions to our surroundings (" systema pro 


mundo’); those which maintain muscle tone and the postures of our bodies 


{( systema myotonicum et myostaticum and those belongei to the so-called 


autonomic systems which regulate visceral, vascular and othe primitive 


activities (— systema vitale’ He discusses in turn the nature and activity « 
each of these three systems and in doing so brings tC many linportant points 
The vital system,’ on which he is a recognized authority, is treated 


greatest detail and its relations to the rest of the nervous system, as well as 
essential differences are emphasized In such astudayv where gene il Stal 
ments are unavoidable the reader will necessarily tind points on which he 


cannot agree with the author, and in places may be even unable to accept his 
premises, but the book is instructive in that in many respects it presents a nev 


point of y lew, 
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